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JOHN WARREN KINDT*

Radioactive Wastest
I. INTRODUCTION
Radioactive wastes and oil pollution were the first two types of marine
pollution to receive international attention. In response to the extremely
dangerous nature of nuclear waste materials, controls have been established relatively quickly compared to other forms of marine pollution.
The international community has recognized the importance of minimizing environmental damage from radioactive wastes. This recognition is
particularly crucial in view of the inevitable increase in the amount of
these wastes.
Several countries have a significant reliance on nuclear power and have
future commitments to nuclear energy programs.' As of 1983, there were
277 nuclear power plants in operation around the world and 241 units
under construction or on order.2 Nuclear power has been considered a
viable energy source especially for developing nations, such as Pakistan,
that neither possess energy resources such as oil or coal,3 nor are able to
finance the importation of these commodities. The developing nations
see nuclear power as their most desirable alternative for rapid economic
growth.
Coal and solar energy are often mentioned as alternative sources but
they do not compare favorably to nuclear power in terms of practical and
environmental considerations. Efficient, low-cost solar collection systems
have not yet been implemented and energy storage continues to be a
problem. Substantial reliance on coal would result in large amounts of
carbon dioxide being released into the atmosphere. This could eventually
lead to undesirable changes in climate due to the "greenhouse effect." 4
Therefore, nuclear power could become a major worldwide source of
energy during the 1980s.
With continued reliance on nuclear power, large amounts of radioactive
wastes will necessarily be generated. However, even if the uses of nuclear
*Professor, University of Illinois; A.B. 1972, William & Mary; J.D. 1976, M.B.A. 1977, University of Georgia; LL.M. 1978, S.J.D. 1981, University of Virginia. © 1984.
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1. See World List of NuclearPower Plants, NUCLEAR NEWS, Aug. 1983, at 83.
2. Id.
3. Approaches to the Prevention of Diversion of Nuclear Fuel to Military Uses, 16 COLUM. J.
TRANSNAT'L L. 451, 463 (1977) (panel discussion, statement of Iqbal Akhund) [hereinafter cited
as Approaches].
4. Peaceful Uses of Nuclear Energy: Environmental, Security, and Safety Considerations, 16
COLUM. J. TRANSNAT'L L. 416, 427 (1977) (panel discussion, statement of Theodore B. Taylor).
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energy were halted as of 1984, those waste inventories which have already
been generated would still constitute a serious management problem.'
These inventories exist due to the international failure to develop and
implement programs and technologies for disposing of radioactive wastes
during the three decades subsequent to the introduction of nuclear energy
into commercial use.6 Valid public concern has arisen involving the potential disposition of these wastes. 7 The growth and continued use of
nuclear power is threatened by the inability to deal adequately with this
problem.
The "not-in-my-backyard" attitude which hampers selection of radioactive waste disposal sites and the lack of suitable terrestrial sites in some
countries make the ocean the favored option for the disposal of these
wastes. 9 The ocean can be viewed as a medium for the dilution and
dispersion of radioactive wastes.' 0 Advocates of this type of sea disposal
contend that the ocean can continue to accept wastes (radioactive or other
types) at a specified rate over an infinite period of time." Theoretically,
a steady state, nonpolluted ocean system which can still be utilized as a
waste receptacle is attainable because of the "cleansing mechanismsbiological, chemical, geological, and physical "-that process and remove
wastes from the ocean system.'" The contrary viewpoint contends that
oceanic waters can accept a certain amount of waste materials but that
the capacity of the ocean to dilute those wastes is finite.' 3 "Calculations
show that the waters of the ocean are not vast enough to take all of the
[radioactive] waste from all of the military and industrial sources without
5. D. Deese, Sub-Seabed Disposal of Radioactive Waste: Prevention or Management 1 (Dec.
1977) (unpublished doctoral dissertation reproduced by Woods Hole Oceanographic Institution, NTIS
PB279-502) [hereinafter cited as Sub-Seabed Disposal].
6. Nuclear Waste Disposal:Hearings Before the Subcomm. on Nuclear Regulation of the Senate
Comm. on Environment and Public Works, 96th Cong., 1st Sess. 1 (1979) (statement of Sen. Gary
Hart).
7. Ocean Dumping and Pollution: Hearings Before the Subcomm. on Oceanography and the
Subcomm. on Fisheries and Wildlife Conservation and the Environment of the House Comm. on
Merchant Marine and Fisheries, 95th Cong., 2d Sess. 193 (1978) (statement of John Deutch)
[hereinafter cited as OceanographyHearings 1977-78].
8. See Carter, Radioactive Waste Policy Is in Disarray,206 SCI. 312, 312 (1979).
9. See D. DEESE, NUCLEAR POWER AND RADIOACTIVE WASTE 128 (1978); Spector &
Shields, Nuclear Waste Disposal:An InternationalLegal Perspective, 1 NW. J. INT'L L. & BUS.
569, 595 (1979) [hereinafter cited as Spector].
10. See Osterberg, Why not in the ocean?, INT'L ATOM. ENERGY AGENCY BULL., June
1982, at 30, 32, reprinted in Management of Commingled Uranium Mill Tailings: HearingsBefore
the Subcomm. on Procurementand MilitaryNuclearSystems of the House Comm. onArmed Services,
97th Cong., 2d Sess. 253 (1982) [hereinafter cited as Mill Tailings Hearings 1982].
11. Osterberg, supra note 10, at 32. See generally Goldberg, The Oceans as Waste Space: The
Argument, OCEANUS, Spring 1981, at 2.
12. Osterberg, supra note 10, at 32.
13. COUNCIL ON ENVTL. QUALITY & U.S. DEP'T ST., 2 THE GLOBAL 2000 REPORT
TO THE PRESIDENT 315 (1980). See generally Kamlet, The Oceans as Waste Space: The Rebuttal,
OCEANUS, Spring 1981, at 10.
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being contaminated beyond safe limits within the next few decades."' 4
Therefore, any program for large-scale ocean disposal must contain provisions for isolation and containment rather than dispersion of radionuclides. 5 The proper disposal of radioactive wastes is an important
marine pollution issue.
II. RADIOACTIVE WASTES
Delimitation of Problems
Hazards of Radioactive Wastes
The hazards associated with radioactive wastes involve the energy and
type of radiation emitted and the period of time during which that radiation
is emitted.' 6 Radiation can damage cells in the human body by ionizing
an atom or a molecule which is necessary for the cell to function nor14. Hollister, The Seabed Option, OCEANUS, Winter 1977, at 18, 20.
15. See id. at 19-20.
16. Three types of radiation can be emitted by radioactive materials-alpha particles, beta particles, and gamma rays. Alpha particles can travel only inches through the air and cannot penetrate
the skin. Alpha emitters are only potentially harmful if inhaled, eaten, or absorbed into the bloodstream through a wound. Beta particles can travel only a few feet in air and can penetrate only
slightly into the body. Thin sheets of wood or metal can be used to stop beta particles. However,
gamma rays penetrate easily into the body. Thick concrete, several inches of lead, and/or several
yards of packed earth are needed to block gamma rays. See Mill TailingsHearings 1982, supranote
10, at 290-93 (exhibit of Petr Beckmann); Weaver, The Promise and Peril of NuclearEnergy, 155
NAT'L GEorRAPHIc 459, 466 (1979). When ionizing radiation penetrates living tissues, it generates
ions by collisions and interactions with atoms and molecules along the path of travel. Since gamma
rays have a low rate of linear energy transfer, they penetrate deeply into the tissue and generate ions
sparsely. Alpha emitters have a higher rate of linear energy transfer and shallower penetration.
"Radiations of high linear energy transfer (such as protons and alpha particles) are generally more
damaging than radiations of low linear energy transfer (such as X rays and gamma rays)." Upton,
The Biological Effects of Low-Level Ionizing Radiation, SCI. AM., Feb. 1982, at 41, 44, reprinted
in Mill Tailings Hearings 1982, supra note 10, at 245. The curie (Ci) is a measurement unit of
activity of the radiation source and corresponds to 3.7 X 10"0 nuclear disintegrations per second.
A roentgen is used to define exposure from gamma rays (or X-rays) as the number of ions found in
a specified amount of irradiated air and corresponds to an ionization of 0.000258 coulombs per
kilogram of air. The rad is the unit used to measure the absorbed dose and equals an absorbed energy
of 0.01 watt-seconds per kilogram of irradiated matter. In living tissue, the same effect does not
occur for different types of radiation even if the same amount of energy is dissipated. Rads of the
dose to living tissue are multiplied by a relative biological effectiveness factor to obtain the dose
absorbed by body tissue for which the resulting unit is the rem. Mill Tailings Hearings1982, supra
note 10, at 292-94 (exhibit of Petr Beckmann). International scientific organizations recommend
the use of SI units (Syst~me international d'Unit6s) which are:
SI unit and symbol

Non-SI unit

becquerel, Bq

curie, Ci

sievert, Sv
gray, Gy

rem
rad

Conversion factor
1 Ci = 3.7 x 1010 Bq
(37 GBq)
1 rem = 0.01 Sv
I rad = 0.01 Gy
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mally.' 7 If a cell is damaged it can repair a portion or all of the damage,
or it can die with only a benign impact on the organism.' 8 Radiation
damage to reproductive cells, however, may cause mutations that can
result in new hereditary characteristics.' 9 The emission of radiation by
these wastes cannot be detected by human senses unless the exposure is
continuous and/or results from a large dosage. 2 Depending on the type
REGIONAL OFFICE EUR., WORLD HEALTH ORG. (WHO Regional Publications, European
Series No. 13); NUCLEAR POWER: MANAGEMENT OF HIGH-LEVEL RADIOACTIVE WASTE
vi (1982); D. STEWART, HANDLING RADIOACTIVITY 23 (1981). The time it takes for a
radioactive element to decay to the point where half of the original radioactivity remains is its half
life. The half-life, specific activity, and type of radiation emitted are listed in the following table
for some typical radioisotopes:
Specific activity
(Ci/g)
assuming the isotope
Half-life
is carrier free
Radioisotope
Radiations
12.36 years
10
3
'H
15.01 hours
8.3 x 106
13and -y
"Na
32p13
2.8 x 101
14.31 days
42
13and y
5.9 X 10,
12.47 hours
45
Ca
13
1.8 X I04
162.25 days
2.2 x 101
2.579 hours
13and -y
"Mn
45.36 days
5.0 X 10'
"Fe
13and "y
5.23 years
13and -y
1.1 X 10'
'Co
50.5 days
2.9 x 101
"9Sr
13and -y
1.5 X 102
27.43 years
13
'Sr
7.5 days
1.6 x 10'
"'Ag
13 and -y
1311
13and -y
1.25 X 10'
8.09 days
13'Cs
13and -y
87
29.86 years
192r
13 and y
10'
74.14 days
197pt
13and -y
9.0 X 10'
17.7 hours
"9'Au
13and -y
2.4 x 10'
2.69 days
3.0 years
13
5.8 x 1023
"TIl
210Po
a and -y
4.5 x 10
138.21 days
1
1620 years
226Ra
a and -y
232Th
a andy
1.1 X 10 - 7
1.42 x 10" years
7
2U
a and
3.3 x 104.52 X 109 years
2
239Pu
a and -y
6.2 x 1024.29 years
INT'L ATOMIC ENERGY AGENCY, SAFETY SERIES NO. 38, RADIATION PROTECTION
PROCEDURES 140 (SAFETY SERIES NO. 38, 1973) [hereinafter cited as INEA SAFETY SERIES
No. 38].
17. Mill Tailings Hearings 1982, supra note 10, at 298 (exhibit of Petr Beckmann).
18. Id.
19. Id. These mutations have not been demonstrated in man and are not likely below an exposure
of 100 reins. Id. at 299. "No detectable increase in genetic abnormalities has appeared among the
children of people who survived the two atomic bombings." Upton, supra note 16, at 46.
20. A dose of 400 rems is the level at which approximately half of those persons exposed "die
of radiation sickness or other causes within about 6 weeks of exposure." Mill Tailings Hearings
1982, supra note 10, at 298 (exhibit of Petr Beckmann). The biological effects of exposure to Xrays or gamma rays may be summarized as follows:
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of radiation, the exposure can be cumulative2' and this situation creates
serious ramifications for formulating public health policies. Strong radiation or prolonged exposure to radiation can induce cancer 2 and effects
generally have a "threshold" level since certain nonheritable effects are
attributable only to high levels of ionizing radiation.23 The principal dangers to health associated with exposure to low-level ionizing radiation
are carcinogenic and heritable effects. 24 The evidence of carcinogenic
effects is most plentiful in the range of 100 rem exposure; below this
level, the evidence becomes increasingly sparse.'
Unfortunately, the rate of radioactive waste decay cannot be accelerated
by temperature, pressure, or chemicals. Although the level of radiation
diminishes naturally, the decay process may take hundreds or even thousands of years.27 The toxicity of radioactive materials is greater than the
chemical toxicity of any other substance, including the toxic metals. For
example, radioisotope lead-210 has a toxicity which is 20 million times
greater than nonradioactive lead on an "atom-for-atom" basis.28 Such
highly concentrated toxicity means that even small quantities of radioactive materials can be extremely dangerous,29 and there must be no doubt
as to the safety of their disposal.3"
Classificationof Radioactive Wastes
Radioactive wastes are classified as mill tailings, low-level waste (LLW),
transuranic (TRU) waste, or high-level waste (HLW). 3" The HLW includes
Acute doses
Probable effect
0- 25 rad
No obvious injury
25- 50 rad
Possible blood changes but no series injury
50-100 rad
Blood-cell changes, some injury, no disability
100-200 rad
Injury, possible disability
200-400 rad
Injury and disability certain, death possible
400-500 rad
50% fatal within 30 days
600 or more rad
Probably fatal
IAEA SAFETY SERIES No. 38, supra note 16, at 142.
21. Upton, supra note 16, at 41-42.
22. Mill Tailings Hearings 1982, supra note 10, at 300 (exhibit of Petr Beckmann).
23. Upton, supra note 16, at 43.
24. Id.
25. Mill TailingsHearings 1982, supra note 10, at 300 (exhibit of Petr Beckmann).
26. Lash, A Comment on NuclearWaste Disposal,4 J. CONTEMP. L. 267,268 (1978) [hereinafter
cited as Lash].
27. Id. at 268-70, 279.
28. Id. at 269.
29. Id.
30. Id. at 268.
31. OFFICE OF TECHNOLOGY ASSESSMENT, MANAGING COMMERCIAL HIGH-LEVEL
RADIOACTIVE WASTE: SUMMARY 16 (1982) (OTA-0-172) [hereinafter cited as OTA SUMMARY].
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discarded spent fuel or those wastes created from the reprocessing of
spent fuel.3 2 The splitting of uranium-235 atoms by neutrons, which
occurs in the fuel assemblies of a nuclear reactor's core, results in not
only fission products but also the release of radiation and energy and
more neutrons which continue the chain reaction.33 Since the buildup of
fission products eventually causes interference with the fission process,
one-fourth to one-third of the reactor fuel must be replaced each year. 4
Spent fuel, which is thermally hot and extremely radioactive, is approxiamtely 95 percent uranium oxide (containing 1.0 percent unfissioned
uranium-235), 3.5 percent fission products (many unstable), and 1.5
percent unstable transuranic elements.35 The decay process for transuranic
elements takes from thousands to millions of years.36 The more rapid rate
of decay experienced by unstable fission products means that most become
stable within 1,000 years.37 Reprocessing spent fuel to recover uranium235 and plutonium would result in liquid waste containing the fission
products and unused transuranic elements.38 Commercial spent fuel is
generally stored in pools at reactor sites. Some utilities are running out
of storage space because commercial reprocessing facilities or repositories
for permanent disposal are not available. 39 Additional storage capacity
will be required to maintain the operation of some reactors.'
TRU waste is characterized by the presence of long-lived alpha particles
and requires long-term isolation similar to the HLW.4 1 Utilizing recycled
plutonium to reprocess and manufacture fuels constitutes the main source
of TRU waste. As of 1982, the United States had no commercial facilities
involved in this process because the military program involving nuclear
weapons was the principal source of TRU waste.42
The nuclear fuel cycle begins with the mining of uranium ore which
must be processed. The waste product left from the processing consists
32. Id.
33. Id. at 14.
34. Id. at 14-15.
35. Id. at 15.
36. Id.
37. Id.
38. Id.at 16.
39. See generally Nuclear Waste Disposal: Joint Hearings on S. 637 and S. 1662 Before the
Senate Comm. on Energy and NaturalResources and the Subcomm. on Nuclear Regulation of the
Senate Comm. on Environment and Public Works, 97th Cong., Ist Sess. 575 (1981) (the DOE
response to questions submitted to Shelby T. Brewer) [hereinafter cited as Nuclear Waste Hearings
1981].
40. Id. at 600.
41. OTA SUMMARY, supra note 31, at 16. TRU waste is sometimes included in LLW but TRU
waste has the potential of being more dangerous than non-TRU waste due to the long half-lives of
the transuranic elements. See Lomio, InternationalLaw andDisposalof Radioactive Wastes at Sea,
15 NEW ENG. L. REV. 253, 256 (1980).
42. OTA SUMMARY, supra note 31, at 16.
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of fine sandy, silty residues termed "mill tailings" which contain "the
various decay or daughter products of uranium 238" 4 3 along with some
of those of uranium 235. The sandy, silty particles are stored above the
ground in wet, chemical piles but, after drying, these piles become susceptible to wind and water erosion. Residents located near the dump sites
for these tailings, therefore, are exposed to radon gas, radioactive particles
from the surface of the piles, gamma radiation generated within the piles,
and contaminated ground and surface water.'
The LLW comprises the remainder of radioactive wastes that are not
HLW, TRU waste, or mill tailings.45 LLW is produced by medical and
research activities or via the operations of nuclear reactors, and generally
consists of bulky, slightly contaminated materials. 46 Even though the
contaminants are usually relatively short-lived and mildly radioactive,
LLW constitutes a significant radioactive problem.47
Artificial Radionuclides in the Marine Environment
Artificially produced radionuclides in the marine environment originate
from several sources and account for approximately 0.1 percent of the
entire inventory of oceanic radionuclides.4 8 The major sources of these
radionuclides have been the production and subsequent testing of nuclear
weapons. 49 The nuclear fuel cycle has also become a major source of
radionuclides in the marine environment. This intrusion into the ocean
occurs as low-level liquid effluents are discharged after the reprocessing
of spent fuel and as low-level solid wastes are packaged and dumped into
the ocean." These sources are concentrated in terms of geographical
distribution whereas the amount from weapons fallout is spread in low
concentrations throughout the ocean." LLW resulting from research and
from the "medical, pharmaceutical and industrial uses" 52 of radionuclides
also enter the ocean. Similarly, naval and civilian "nuclear propulsion
reactors, aerospace nuclear reactors, and radioisotopic power generators" 53
certainly contribute to the inventory of radionuclides in the ocean.
43. Mill Tailings Hearings 1982, supra note 10, at 274 (staement of Melvin W. Carter).
44. Id.; see Comment, Uranium Mill Tailings: The Problem of Disposal-With a Special Look
at New Mexico, 18 NAT. RES. J. 431, 433 (1978) [hereinafter cited as Tailings].
45. OTA SUMMARY, supra note 31, at 16.
46. Id.
47. Id.
48. Disposal of Decommissioned Nuclear Submarines: Hearing Before the House Comm. on
Merchant Marine and Fisheries, 97th Cong., 2d Sess. 68-69 (1982) (statement of William L.
Templeton) [hereinafter cited as Submarine Disposal Hearing].
49. Id.
50. Id. at 69.
51. Id.
52. Id.
53. Id.
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Nuclear accidents may also release artificial radionuclides into the
ocean. 4 The crash of a U.S. aircraft transporting nuclear weapons near
Thule, Greenland and the reentry in 1964 of an unmanned satellite with
an aerospace nuclear power generator provide examples of accidents that
have released radionuclides into the ocean.55 The nuclear fleets of the
United States and other countries include an estimated 352 nuclear-powered vessels, all of which are potential sources for introducing artificial
radionuclides into the marine environment via intentional or accidental
discharges. 6 The U.S. Navy has lost two nuclear submarines-the U.S.S.
Thresher in 1963 and the U.S.S. Scorpion in 1968." 7 However, the U.S.
Navy indicates that examination of bottom sediment and seawater obtained near the Scorpion's hull produced no evidence of radioactivity
"above naturally-occurring back-ground levels." 58 Incidents or accidents
involving nuclear submarines running aground, crashing into other vessels, and experiencing floods, fires, and mechanical failures have occurred.59 The secrecy surrounding the operation of nuclear vessels, controlled
primarily by the world's military establishment, results in incomplete
information involving accidents. 6' The U.S. Navy claims an accidentfree record involving nuclear materials but what the Navy terms "incidents" may actually be accidents. 6
HistoricalBackground
Ocean Disposal of Radioactive Wastes
During the early stages of nuclear development, low-level waste was
dumped into the nearest body of water. The United States transported
packaged, solidified LLW to the ocean and dumped it into coastal and
offshore waters.62 Most of the waste was packaged in 55-gallon drums
which utilized concrete as a filler to make the drums sink to the sea
bottom-with expected eventual release of the contents.63 Between 1946
and 1970, the U.S. Atomic Energy Commission (AEC) licensed dumping
of 86,758 containers (200-liter drums) of low-level waste totaling 94,673
54. Id.
55. Id.
56. Kaplan, When IncidentsAre Accidents, OCEANS, July-Aug. 1983, at 26, 27.
57. Submarine Disposal Hearing, supra note 48, at 21 (statement of Carl H. Schmitt); see id.
at 69 (statement of William L. Templeton).
58. The Navy Defends the NuclearNavy, OCEANS, Sept.-Oct. 1983, at 62, 63 [hereinafter cited
as Navy Defends].
59. Kaplan, supra note 56, at 29.
60. Id. at 27.
61. Id. at 26-27; Navy Defends, supra note 58, at 62.
62. Dyer, Sea Disposal Of Nuclear Waste: A BriefHistory, in NUCLEAR WASTE MANAGEMENT: THE OCEAN ALTERNATIVE 9, 9 (T. Jackson ed. 1981).
63. Id.
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curies.' A moratorium was placed on the issuance of new licenses by
the AEC in 1960 but existing licenses were allowed to remain in force
and could be renewed.65 Most ocean dumping of LLW was phased out
by 1963 and was completely terminated in 1970.66 Approximately 99
percent of the radioactive material which was deposited in the Pacific
Ocean was dumped at the Farallon Island sites off San Francisco, California, and 96 percent of the radioactive material which was deposited
in the Atlantic Ocean was dumped at the Atlantic 2800 Meter Sites off
the Maryland-Delaware coast.' The United States disposed of the reactor
plant of the U.S.S. Seawolf in 1959 at an Atlantic Ocean site approved
by the AEC.6" Currently, the nuclear propulsion program of the U.S.
Navy releases radioactivity into the ocean.69 The U.S. Navy has guidelines allowing the release of only the minimum practicable amount into
the environment, especially within 12 miles from those coastal areas

which include harbors.70

64. OceanographyHearings 1977-78, supra note 7, at 280 (statement of David Deese).
65. Ocean Dumping: Hearing on H.R. 6113 Before the Subcomm. on Water Resources of the
House Comm. on Public Works and Transportation, 97th Cong., 2d Sess. 52 (1982) (supplement
to testimony of Steven Schatzow) [hereinafter cited as Ocean Dumping Hearings 1982].
66. Id.
67. OceanographyMiscellaneous-Part2: Hearings Before the Subcomm. on Oceanographyof
the House Comm. on Merchant Marine and Fisheries, 96th Cong., 1st Sess. 360 (1979-80) (additional material supplied by the EPA) [hereinafter cited as OceanographyMiscellaneous].A summary
of the dumpsites is presented in the following table:
PRIMARY U.S. RADIOACTIVE WASTE DUMPSITES
Distance
Years
Estimated
Estimated
from
dumpno. of 55activity in
Depth
land
site
gallon drums
drums at time of
Site
Coordinates
(m)
(km)
used
dumped
packaging (Ci)
Atlantic
Atlantic
Atlantic
Massachusetts Bay
Pacific:
Farallon Islands
Farallon Islands

38'30'N
72'06'W
37150'N
70"35'W
42"25'N
70'35'W
37o38'N
123'08'W
37"37'N
123'17'W

2,800

190

3,800

320

92

1951-56
1959-62
1957-59

14,300
14,500

a41,400
a
2,100

1952-59

4,008

2,440

900

60

1951-53

3,500

1,100

1,700

77

1946-50
1954-65

44,000

13,400

'This does not include the pressure vessel of the NIS Seawotf reactor with an estimated induced activity of 33,000
Ci.
Id. at 379.
68. Id. at 303 (statement of Sheldon Meyers).
69. Naval Nuclear Propulsion Program-1982:Hearing on H.R. 6151 Before the Procurement
and Military Nuclear Systems Subcomm. of the House Comm. on Armed Services, 97th Cong., 2d
Sess. 66 (1982) (appendix to statement of Admiral K. R. McKee).
70. Id. at 67. The total long-lived gamma radioactivity released within 12 miles of shore was
less than .002 curies per annum between 1971 and 1981. Total long-lived fission product radionuclides
released for all harbors was under .001 curies per annum. Most of these radioactive releases occurred
at distances beyond 12 miles from shore. Within this 12-mile limit, less than 1.0 curie of tritium
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Unilateral dumping of radioactive wastes in the ocean was conducted
by a number of countries until 1967. 7' The member countries of the
Nuclear Energy Agency (NEA) of the Organization of Economic Cooperation and Development (OECD) agreed to coordinate their sea dumping activities in 1967.72 The NEA publishes guidelines and supervises all
dumping of packaged wastes by its member countries.7 3 Orchestrated
dumping operations occurred in 1967 and 1969 and on an annual basis
between 1971 and 1981 .7 The United Kingdom, Belgium, the Netherlands, Switzerland, France, Italy, Sweden, and the Federal Republic of
Germany have participated in these ocean dumping operations.75 However, since 1971 only the United Kingdom, Belgium, the Netherlands,
and Switzerland have utilized the ocean to dispose of radioactive wastes,76
and the Netherlands halted dumping in 1982."7 Between 1967 and 1981,
NEA countries dumped 82,910 tons of radioactive wastes or 867,083
curies of radiation into the sea.7"
Low-level liquid effluents are discharged into the ocean after the reprocessing of spent fuels via two reprocessing plants in Great Britain,
namely, Windscale and Dounreay, and via one plant in France, Cap de
la Hague; annual discharges from each plant exceed 100 kilocuries (KCi).79
The critical pathway analysis, recommended by the International Commission on Radiological Protection (ICRP), has been the most popular
method employed to determine the rate limits for releasing effluent discharges .8 Effluent discharges into coastal waters are under the control of
the coastal sovereign and "are not generally subject to any definite system
was released during 1981. With the exception of tritium, the total amount of long-lived radioactivity
in liquid wastes released more than 12 miles from shore by U.S. Navy nuclear powered ships was
0.4 curies per annum between 1974 and 1981. Id. at 66, 68, 70, 71-72.
71. Submarine Disposal Hearing, supra note 48, at 72 (statement of William L. Templeton).
72. Id.
73. Id. For a general analysis of this area, see NUCLEAR ENERGY AGENCY, ORG. ECONOMIC CO-OPERATION & DEV., RECOMMENDED OPERATIONAL PROCEDURES FOR
SEA DUMPING OF RADIOACTIVE WASTE (1979).
74. SubmarineDisposal Hearing, supra note 48, at 72 (statement of William L. Templeton).
75. Id.
76. OceanographyHearings 1977-78, supra note 7, at 249 (statement of Bill Long).
77. Submarine DisposalHearing, supra note 48, at 145 (statement of Jon Hinck).
78. Id. at 75 (statement of William L. Templeton).
79. Id. at 69.
80. Id. at 77; Needler & Templeton, RadioactiveWaste: The need to calculatean oceanic capacity,
OCEANUS, Spring 1981, at 60, 65. The maximum permissible discharge rate is calculated from
the radionuclide composition of the effluent, by using as input data the: (I) "hydraulic and geochemical data;" (2) "concentration factors for environmental materials;" (3) survey data of the habits
of the critical population (such as seafood consumption rates); and (4) the ICRP standards of exposure
rates. Id. See generally INT'L ATOMIC ENERGY AGENCY (Safety Series No. 45), PRINCIPLES
FOR ESTABLISHING LIMITS FOR THE RELEASE OF RADIOACTIVE MATERIALS INTO
THE ENVIRONMENT (1978).
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of international control, although discharges into international watercourses may be subject to special requirements ... ."8
III. REGULATORY AUTHORITY
U.S. Regulation
In the United States, the Atomic Energy Act of 1946 (AEA 1946)82
granted exclusive authority to the AEC for all matters and issues relating
to atomic energy. These authorities have been subsequently transferred
to other agencies. 83 The Atomic Energy Act of 1954 (AEA 1954)84 encouraged the development of atomic energy, the regulation of radioactive
materials, and the promotion of nuclear energy. The AEC was to perform
the duties outlined in this 1954 legislation. The AEC was also granted
regulatory and licensing authority with respect to source materials, byproduct materials, special nuclear materials, and facilities for the production and use of special nuclear materials.85 Over the years, certain
conflicts arose as a result of the dual promotional and regulatory responsibilities of the AEC. Critics suggested that an agency established to
promote nuclear energy could not also be an objective regulating body.
Therefore, the Energy Reorganization Act of 1974 (Energy 1974 Act)86
split the AEC into two separate entities, the Energy Research and Development Administration (ERDA) and the Nuclear Regulatory Commission (NRC). The ERDA encouraged the research and development of
nuclear technology while the NRC took over the regulatory duties of the
AEC. The ERDA was merged into the Department of Energy in 1977.87
The Atomic Energy Act of 1954 was amended in 1959 so that individual
states could agree to assume certain AEC regulatory and licensing duties.8 8
Those states which have assumed AEC duties generally have the responsibility to:
a. establish standards for permissible dose levels and concentrations
of radioactivity;
81. Finn, Ocean Disposal of Radioactive Wastes: The Obligation of InternationalCooperation
to Protectthe Marine Environment, 21 VA. J. INT'L L. 621, 660 (1981).
82. Act of Aug. 1, 1946, ch. 724, Pub. L. No. 79-585, 60 Stat. 755 (1946) (codified as amended
in scattered sections of 42 U.S.C. (1984)); see OceanographyMiscellaneous, supranote 67, at 377.
83. OceanographyMiscellaneous, supra note 67, at 377.
84. Act of Aug. 30, 1954, ch. 1073, 68 Stat. 919 (codified as amended in scattered sections of
5 U.S.C. and 42 U.S.C.).
85. Hallmark, RadiationProtectionStandardsAnd The AdministrativeDecision-MakingProcess,
8 ENVTL. L. REP. (ENVTL. L. INST.) 785, 790 (1978).
86. Pub. L. No. 93-438, 88 Stat. 1233 (1974) (codified as amended in scattered sections of 5
U.S.C. and 42 U.S.C.).
87. Department of Energy Act of 1978, Pub. L. No. 95-238, § 104(a), 92 Stat. 47, 53 (1978)
(codified in scattered sections of 42 U.S.C.).
88. Tailings, supra note 44, at 434.
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formulate precautionary procedures;
regulate waste disposal activities;
regulate intrastate transport techniques and safeguards; and
systematize reports and records.8 9

Even so, this 1959 amendment and a NRC agreement give only limited
regulatory authority over LLW to the states, and control involving the
disposal of HLW remains vested in the federal government.'
When the Environmental Protection Agency (EPA) was established by
the Energy Reorganization Plan of 1970, 9' the authority of the AEC to
promulgate environmental standards to safeguard the environment from
radioactive materials shifted to the EPA.92 The EPA was authorized to
regulate ocean dumping through the enactment of the Marine Protection,
Research, and Sanctuaries Act of 1972 (MRPSA).9 3 The EPA views the
ocean as a disposal location with assured isolation and containment rather
than as a dilution medium.94 The MPRSA was amended in 1974 and the
EPA now prohibits both the "transport" of HLW for purposes of disposal
and the actual disposal of HLW.95 The EPA has the authority to issue
permits for the dumping of packaged and containerized low-level and
medium-level waste if ocean dumping is shown to be the best environmental alternative.96 As of 1982, the EPA had never issued a permit
allowing the disposal of radioactive wastes in the ocean because the
nuclear power industry had determined that it was more economically
feasible to dispose of radioactive wastes on land.97
89. See Wright, Disposal of Radioactive Wastes, 10 ATOM. ENERGY L.J. 239, 255 (1968).
90. Comment, Nuclear Waste Management:A Challenge to Federalism, 7 ECOLOGY L.Q. 917,
932 (1979).
91. Oceanography Miscellaneous, supra note 67, at 377.
92. Id.
93. Pub. L. No. 92-532, 86 Stat. 1052 (1972) (codified as amended in scattered sections of 16
U.S.C. and 33 U.S.C.).
94. Lomio, supra note 41, at 276. The EPA regulations issued in 1977 specify that:
1) radioactive materials must be contained to prevent their dispersion into ocean waters;
and
2) the containment system must be designed to remain intact until the radioactive
materials decay to innocuous levels.
OceanographyMiscellaneous, supra note 67, at 378; see OceanographyHearings 1977-78, supra
note 7, at 222 (statement of William Rowe).
95. 33 U.S.C. § 1412(a). Dumping of any material into ocean waters without a permit from the
EPA is prohibited. Id. § 1412(a)-(b).
96. Lomio, supra note 41, at 277.
97. Id. at 276-77. The EPA must consider the following criteria for sea disposal under the MPRSA:
1) The need for the proposed dumping;
2) The effect of such dumping on human health, welfare, and amenities;
3) The effect of such dumping on fisheries, wildlife, and shorelines;
4) The effect of such dumping on marine ecosystems;
5) The persistence and permanence of the effects of dumping;
6) The effect of dumping particular volumes and concentrations;
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Nuclear waste disposal operations represent major federal actions requiring scrutiny under the National Environmental Policy Act of 1969
(NEPA).95 The NEPA is a strong weapon utilized by environmental organizations to intervene in, contest, and delay agency decisions involving
radioactivity. Most technical issues dealing with nuclear wastes have been
the object of judicial attention." The National Ocean Pollution Research
and Development and Monitoring Planning Act of 1978 (NOPRA)"°°
designated the National Oceanic and Atmospheric Administration (NOAA)
to serve as the lead agency to coordinate efforts within the federal government to address the impact of ocean pollution on the marine environment.
InternationalRegulation
The first treaty to deal with the question of radioactive waste disposal
at sea was the 1958 Convention on the High Seas (High Seas Convention).' Article 2 of the High Seas Convention dealt with the freedoms
of the high seas"0 2 but waste disposal was not among the four specific
high seas freedoms listed, although it could be included among other
unspecified freedoms. °3 Article 25 dealt specifically with the dumping
of radioactive wastes."o The High Seas Convention, coupled with a Resolution of the Tenth Plenary Meeting of the Law of the Sea Conference,
deferred the promulgation of standards to international organizations that
were not interested in setting standards at that time.' 0 5 A framework for
taking action was designed to assist agencies such as the International
Atomic Energy Agency (IAEA) which subsequently led to established
7) appropriate [sic] locations and methods of disposal, including land-based alternatives;
8) The effect on alternate uses of the ocean; and
9) The use, wherever feasible, of locations beyond the edge of the continental shelf
in designating ocean dumpsites.
Ocean Dumping Hearings1982, supranote 65, at 33 (supplement to testimony of Steven Schatzow).
98. 42 U.S.C. §§ 4321, 4332(2)(c) (1982); see OceanographyHearings 1977-78, supra note 7,
at 320-21 (statement of Clifton Curtis).
99. Bromberg, Nuclear Power Wastes: Tomorrow's Problem Faces Us Today, 17 DUQ. L.
REV. 99, 104 (1978-79).
100. 33 U.S.C. §§ 1701-1709 (1982); see OceanographyHearings 1977-78, supra note 7, at
320-21 (statement of Clifton Curtis).
101. Apr. 29, 1958, 13 U.S.T. 2312, T.I.A.S. No. 5200, 450 U.N.T.S. 82 (entered into force
Sept. 30, 1962) [hereinafter cited as High Seas Convention].
102. Article 2 specified that freedom of the high seas comprised, inter alia, the freedom of
navigation, of fishing, "to lay submarine cables and pipelines," and "to fly over the high seas."
Id. at art. 2.
103. See Lomio, supra note 41, at 262.
104. High Seas Convention, supra note 101, at art. 25.
105. Lomio, supra note 41, at 266.
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standards and guidelines to regulate the ocean disposal of radioactive
wastes. 106
The 1972 Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter (Ocean Dumping Convention) 7 delimits
what is now considered as the international law on the disposal of radioactive wastes in the ocean. The Ocean Dumping Convention entered into
effect on August 30, 1975, and it has been ratified by 48 nations including
the United States.10 8 In the Ocean Dumping Convention, dumping is
defined as "any deliberate disposal at sea of wastes or other matter from
vessels, aircraft, platforms or other man-made structures at sea."'" Annex
I delimits and regulates "[h]igh-level radio-active wastes or other highlevel radio-active matter, defined on public health, biological or other
grounds, by the competent international body in this field, at present the
International Atomic Energy Agency, as unsuitable for dumping at sea." ,"
In Annex II, a special permit is required for "[r]adio-active wastes or
other radio-active matter not included in Annex I. "' The Ocean Dumping
Convention limited the long-standing freedom of high seas waste disposal
and established that LLW can and HLW cannot be dumped into the
ocean." Signatory countries have total discretion with regard to the
issuance of special dumping permits for low-level waste. "'
Another international agreement impacting upon the ocean dumping
of radioactive wastes is the Convention on the Law of the Sea (LOS
Convention).' "' While the United States did not sign the LOS Convention
when it was completed in 1982, the United States did sign the Final Act
of the Conference." 5 Although the LOS Convention does not specifically
deal with radioactive wastes, it does enumerate definitions of marine
pollution and ocean dumping. The LOS Convention's definition of marine
pollution is the preferred definition and incorporates the wording of the
United Nations Group of Experts on the Scientific Aspects of Marine
Pollution (GESAMP):
106. Id. at 267.
107. Dec. 29, 1972, 26 U.S.T. 2403, T.I.A.S. No. 8165 (entered into force Aug. 30, 1975)
[hereinafter cited as Ocean Dumping Convention]; Lomio, supra note 41, at 269.
108. Submarine DisposalHearing, supra note 48, at 86 (additional material supplied by Clifton
Curtis).
109. Ocean Dumping Convention, supra note 107, at art. III, para. l(a).
110. Id. at annex I, para. 6.
Ill. Id. at annex II, para. D. Guidelines for issuing dumping permits are outlined in annex III.
112. See RadiologicalContamination of the Oceans: Oversight Hearings Before the Subcomm.
on Energy and the Environment of the House Comm. on Interior and InsularAffairs, 94th Cong.,
2d Sess. 866 (1976) (paper submitted by David Deese) [hereinafter cited as Radiological ContaminationHearings 1976].
113. Lomio, supra note 41, at 271.
114. Dec. 10, 1982, reprintedin 21 I.L.M. 1261, U.N. Doc. A/CONF.62/122 (1982) [hereinafter
cited as LOS Convention].
115. See Borgese, The Law of the Sea, SCI. AM., Mar. 1983, at 42, 43.
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(4) "pollution of the marine environment" means the introduction
by man, directly or indirectly, of substances or energy into the marine
environment, including estuaries, which results or is likely to result
in such deleterious effects as harm to living resources and marine
life, hazards to human health, hindrance to marine activities, including fishing and other legitimate uses of the sea, impairment
of
6
quality for use of sea water and reduction of amenities;"
Similarly, the LOS Convention enumerates the best definition of ocean
dumping. The determination of whether disposal of unwanted materials
constitutes "ocean dumping" hinges on "intent" (i.e., deliberate disposal)
in both the Ocean Dumping Convention and the LOS Convention.
(5) (a) "dumping" means:
(i) any deliberate disposal of wastes or other matter from
... man-made structures at sea;
(ii) any deliberate disposal of ... man-made structures at
sea;
(b) "dumping" does not include:
(i) the disposal of wastes or other matter incidental to, or
derived from the normal operations of . . . man-made
structures at sea and their equipment, other than wastes
or other matter transported by or to. . . man-made structures at sea, operating for the purpose of disposal of such
matter or derived from the treatment of such wastes or
other matter on such vessels, aircraft, platforms or structures;
(ii) placement of matter for a purpose other than the mere
disposal thereof, provided that such placement is not
contrary to the aims of this Convention." 7
Part XII of the LOS Convention deals with the "[p]rotection and preservation of the marine environment.""' The terms "radioactive" or "nuclear" are not used with regard to the sources of pollution of the marine
environment. "9 With regard to preventing, reducing, and controlling pollution of the marine environment, the LOS Convention addresses pollution
from seabed activities, activities in the Area,' dumping, and vessels.' 2
Article 210, if construed in the context of the Ocean Dumping Conven116. LOS Convention, supra note 114, at art. 1, para. 1(4).
117. Id. at art. 1, para. 1(5).
118. Id. at part XII.
119. "[Toxic, harmful or noxious substances" are the indicated sources of pollution. Id. at ari.
194, para. 3(a).
120. The Area is "the sea-bed and ocean floor and subsoil thereof, beyond the limits of national
jurisdiction." Id.at art. 1, para. 1(I).
121. Id. at arts. 208-11.
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tion, would govern dumping in the deep ocean. 22 The LOS Convention
can also be interpreted as extending the restrictions in the Ocean Dumping
Convention to possible ocean dumping activities in "the economic zone."'"
Regulatory Ineffectiveness
Rational systematic regulatory standards are necessary for effective
waste management. Critics argue that the NRC does not advocate the
best interests "of the public health and environment.' 1 24 In the past,
standards have been formulated on the basis of judgments formed with
insufficient knowledge. In addition, standards are sometimes adopted that
give wide latitude for the development of new technologies regardless of
the risk involved."Z There are at least two examples of NRC decisionmaking that indicate possible disregard for the public welfare. One occurred when the utilities demonstrated that designing and operating a
light-water, cooled nuclear reactor within the existing 5 millirem exposure
standard for gaseous radioactive effluent was not practicable. The NRC,
soon after, increased the "safe" level of gaseous radioactive effluent to
15 millirems per year. "6 Similarly, the safe annual exposure level to
radioactive iodine was raised when it was established that the dosage
initially approved could not be practically achieved because of the intake
of radiation by the thyroid via the milk pathway.'2 7 Some degree of
flexibility is necessary if a system is to adapt to a changing environment.
However, the integrity of the initial standards becomes questionable if
they must be raised considerably to accommodate existing conditions.
This situation is especially disturbing because the AEC's guidelines were
originally the result of benefit/risk calculations weighing such factors as
cost and the nation's energy needs over environmental concerns. Another
area of concern centers around the ability of existing government programs to implement new technology in the area of waste disposal. Although regulation and research activities exist under the present institutional
arrangements, a new technology for radioactive waste management might
not be capable of being implemented quickly.'28
Finally, there appears to be a lack of policy coordination among the
various agencies and branches of the federal government. One example
of this was the Carter Administration's inability or lack of desire to
122. See id. at art. 210, para. 4; RadiologicalContaminationHearings 1976, supra note 112, at
29 (statement of Robert Stein).
123. LOS Convention, supra note 114, at art. 210, para. 5; RadiologicalContaminationHearings
1976, supra note 112, at 29 (statement of Robert Stein).
124. Poulin, Who Controls Low-Level Radioactive Wastes, 6 ENVTL. AFF. 201, 224 (1977).
125. Hallmark, supra note 85, at 824.
126. Id. at 818.
127. Id.
128. Lash, supra note 26, at 276-77.
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implement reprocessing of spent fuel. z9 The major concern was that
reprocessing would result in the proliferation of nuclear weapons. Pursuant to this concern, research methods took a narrow approach and
concentrated on the disposal of solids from reprocessing plants and excluded the reprocessing of spent fuel. 3 ' Thus, the whole research orientation had to undergo a radical shift to accommodate this policy. Policy
shifted again as the Reagan Administration removed the ban on commercial reprocessing that was in effect during the Ford and Carter Administrations.' 3 ' Reprocessing was desirable as part of the Reagan
Administration's fuel cycle and waste management program because it
was determined that reprocessing:
a. relieved the congestion of spent fuel at U.S. utilities;
b. provided plutonium for the breeder-reactor program;
c. provided a preferred waste form which could be tailored for disposal;
d. recovered unused resources in the spent fuel; and
e. enhanced U.S.
32 influence on the conduct of international nuclear
commerce. 1
Failureto Dispose of Wastes Safely
High-level waste was originally stored in sheds on special reservations.
An increasing level of waste volume led to a large initially unregulated
program of experimentation which resulted in many mistakes. 3 So far
the U.S. government has been unable to effectively regulate nuclear dump
sites and to provide for safe disposal of radioactive waste because of the
many difficulties associated with implementing waste disposal technology.
Until 1972, the largest nuclear waste dump was a 3,000-acre site near
West Valley, New York. The dump originated near a reprocessing plant
opened in 1966 by Nuclear Fuel Services, Inc. The plant closed in 1972
for expansion, and it never reopened because it was unable to meet NRC
requirements concerning reprocessing."' The company left 600,000 gallons of highly concentrated, highly radioactive liquid waste stored in
carbon steel tanks. The tanks have a life expectancy in the tens of years.
129. See id. at 270-71.
130. Id.
131. Nuclear Fuel Cycle Policy and the Futureof Nuclear Power: Oversight Hearing Before the
Subcomm. on Oversight and Investigations of the House Comm. on Interior and Insular Affairs,
97th Cong., 1st Sess. 2 (1981) (Reagan Administration's statement of Nuclear Energy Policy)
[hereinafter cited as Nuclear Policy Hearings 1981).
132. Nuclear Waste Hearings 1981, supra note 39, at 583 (the DOE response to questions
submitted to Shelby T. Brewer).
133. Wright, supra note 89, at 245.
134. Harold, A Nuclear GarbageDump in New York State, BUS. & SOC'Y REV., Winter 197778, at 75, 75-77.
135. Id.
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Original plans were to transfer the wastes to new tanks when the old
storage tanks started to deteriorate, but no advance plans were established
to ensure safe transfer.'3 6 Recognizing that this method of storage was
inadequate, subsequent AEC regulations required that all HLW be solidified within 5 years after being generated. 13 7 At the West Valley site, there
is also the problem of 2,200,000 cubic feet of low-level radioactive waste
buried in shallow trenches. Radioactivity is leaking into the environment
from these trenches due to the seepage of rainwater. The contaminated
plant itself also remains. 138 This dump site illustrates not only the technical
and regulatory failure to dispose of wastes safely, but also the associated
economic costs. Under the original agreement, ownership reverted back
to the state of New York and the company was obligated to pay $4.4
million as compensation for cleanup expenses. However, the cost of
cleaning up the dump alone was estimated by the General Accounting
Office (GAO) and the EPA to be as high as $648 million."'
A similar situation existed in Illinois. A 20.5-acre dump site in Sheffield opened in 1967 and closed in 1978. Low-level waste was buried,
utilizing the same shallow trench technology as in West Valley. Radioactive tritium leaked into a 75-foot pathway away from one trench instead
of the predicted 3-foot maximum pathway. Underlying sand deposits
compounded the problem by allowing rains to leach radioactive material
into the groundwater. The dump, owned by Nuclear Engineering Company Inc. (NECO), was supposedly protected by an enclosure."'4 The
former Illinois Attorney General, William J. Scott, criticized the federal
license renewal policy with respect to radioactive waste disposal. In
testimony before a U.S. House subcommittee hearing in December of
1978, Scott charged that when NECO had applied for license renewal in
1968 there were no public hearings and no environmental impact statement for 9 years. Thereafter, the state of Illinois filed suit in federal court
to prevent a repetition of such irresponsible conduct on the part of the
NRC. 141
Other storage accidents have occurred. Hanford, Washington was operated by the government as a disposal site for wastes generated during
nuclear weapons testing. In 1973, 115,000 gallons of radioactive waste
solution leaked from a military storage tank into the soil at Hanford. The
solution contained highly radioactive elements, such as cesium, stron136. Linker, Beers, & Lash, Radioactive Waste: Gaps in the Regulatory System, 56 DEN. L.J.
1, 8(1979).
137. 10 C.F.R. §50, app. F (1979).
138. Harold, supra note 134, at 75-77.
139. Id.
140. Balousek, Burying the wastes but not the problems, ILL. ISSUES, June 1978, at 12, 1213.
141. Illinois v. United States Nuclear Regulatory Comm'n, 591 F.2d 12 (7th Cir. 1979).
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tium, and plutonium, which left the soil permanently contaminated. Concern was particularly high; it was sobering to realize that such a serious
leak could not only occur on a government-operated site but also go
undetected for 55 days. 142 In Illinois, Commonwealth Edison accidentally
leaked 77 gallons of radioactive waste into the environment in 1974, and
19,500 gallons in another occurrence in 1975. For each of these offenses,
Commonwealth Edison was fined $25,000. 14 In 1977, Commonwealth
Edison's Zion plant was found to be discharging radioactive waste water
into Lake Michigan. Although the radiation was below NRC standards,
the company had been engaging in this activity since 1973 without reporting it.'"
Similarly, the NRC had admitted that adequate solutions for the stabilization of uranium mill tailings piles have not been developed. 45 Exposure to windblown particles or to gamma radiation can be reduced by
covering the piles with compacted dirt but, unless the covering is 10 to
20 feet thick, emission of radon gas will continue at above-normal levels. 146 Yet, even if the piles were covered, the danger of groundwater
contamination remains.
In addition, problems have occurred in the U.S. program for the disposal of HLW in a mined geological site. The first site selected by the
AEC was an abandoned salt mine in Lyons, Kansas.' 47 The project was
cancelled in 1972 because of two technical problems.' 48 First, the area
was riddled with drill holes from forgotten oil and gas drillings. "' Longterm integrity could not be guaranteed at the site unless every hole was
located and permanently sealed, and the possibility existed that future
mining activities could disturb the site. 5 Secondly, small brine pockets
were also discovered and brine tends to migrate toward a heat source
such as that generated by any emplaced radioactive waste, particularly
HILW. ' This brine would then corrode the metal canisters containing the
solidified HLW.'52
The Waste Isolation Pilot Plant (WIPP) is another federal waste disposal
effort and is situated in salt beds near Carlsbad, New Mexico."' It was
142. Staff Report, Illinois babysits nuclear wastes, ILL. ISSUES, Sept. 1977, at 16, 18.
143. Id.
144. Id.
145. Lash, supra note 26, at 279.
146. Tailings, supra note 44, at 433.
147. Pohl, Debate on radioactive waste disposal: Will it stay put?, PHYSICS TODAY, Dec.
1982, at 37, 39.
148. Id.
149. Id.
150. Id.
151. Id.
152. Id.
153. Nuclear Policy Hearings 1981, supra note 131, at 271 (statement of Ralph Nader).
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originally intended to be utilized for defense TRU waste disposal, but
research and development on HLW disposal was later authorized.154 The
Attorney General of New Mexico brought an action against the federal
government because the DOE and New Mexico had not signed a "consultation and cooperation" agreement before the DOE publicly announced
it was proceeding with construction.'5 5 This highlights the problems the
DOE has had with host states. There are also geological problems with
the site since it is located near
circulating groundwater and adjacent to
56
valuable mineral resources. 1
In the area of U.S. ocean dumping, controversy has arisen about the
past sites utilized for dumping radioactive wastes. There is the possibility
57
that some HLW was dumped resulting in a potential high-level risk.1
In addition, a substantial percentage of the waste canisters could be
damaged. 5 8 The canisters were designed only to sink to the ocean bottom, and a subsequent EPA survey of some of the canisters indicated that
25 percent had incurred some type of damage.' 59 In response to a request
from Senator William Roth, Jr. for an investigation of the U.S. program
involving the ocean dumping of radioactive wastes, the General Accounting Office (GAO) issued a report entitled "Hazards of Past LowLevel Radioactive Waste Ocean Dumping Have Been Overemphasized. "'" The report indicated "that past ocean dumping by the U.S. poses
neither an environmental nor public health hazard.' 16 1 Clifton Curtis
critiqued the GAO report and indicated that the findings and conclusions
were incomplete, inconsistent, and erroneous. 62 He emphasized that past
dump sites should be monitored to assess hazards to human health and
the environment and to supply
scientific data which would assist in ef63
fective policy development. 1
Although past dumping practices are not permitted today, the EPA's
"preliminary evaluation of their environmental consequences indicates
154. Id.
155. Radioactive Waste Legislation:HearingsBefore the Subcomm. on Energy and the Environment ofthe House Comm. on Interiorand InsularAffairs,97th Cong., Ist Sess. 368 (1981) (statement
of E. William Colglazier, Jr.).
156. Nuclear Policy Hearings 1981, supra note 131, at 271 (statement of Ralph Nader).
157. Ocean Dumping: Hearings Before the Subcomm. on Oceanographyand the Subcomm. on
Fisheriesand Wildlife Conservation and the Environment of the House Comm. on Merchant Marine
and Fisheries, 97th Cong., 2d Sess. 571-72 (1982) (additional material supplied by Clifton E.
Curtis) [hereinafter cited as OceanographyDumping Hearings 1982].
158. Id. at 572.
159. Id.; Ocean Dumping Hearings 1982, supra note 65, at 45 (statement of David Hawkins).
160. OceanographyDumpingHearings 1982, supranote 157, at 554 (additional material supplied
by Clifton E. Curtis).
161. Id. at 69 (statement of Mema Hurd).
162. Id. at 554 (additional material supplied by Clifton E. Curtis).
163. Id. at 555.
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no harm to man or the marine environment.""6 The EPA does emphasize
that its information is not encyclopedic and more information from both
abandoned and active dump sites is desirable.' 65
IV. TRENDS AND CONDITIONING FACTORS
Moratorium on Nuclear Power Plant Construction
In the United States, individual states have recognized certain inadequacies in the DOE's Program for Commercial Waste Management which
' In Vermont Yankee Nuclear Power
was developed in 1976 by ERDA. 66
Corp. v. Natural Resources Defense Council Inc., 67 the U.S. Supreme
Court ruled that state legislatures may make fundamental policy decisions
regarding the use of nuclear power within their borders.
The state of California has decided to exercise this right, declaring a
moratorium on the construction of new nuclear power plants until acceptable waste disposal technology is developed. In 1976, the California
Legislature annexed three sections to the state Public Resources Code.
These sections define the conditions under which California will permit
land to be utilized for nuclear fission power plants. The sections deal
with fuel rod reprocessing and storage, HLW disposal, and underground
containment of wastes.' 68 Before a nuclear plant can be built in California,
the Energy Resources Conservation and Development Commission must
find that acceptable technology exists for the reprocessing and disposing
of wastes. The technology must also be recognized and approved by the
federal government.' 69 However, in 1978 the State Commission determined that a complete technology did not exist for either reprocessing or
disposing of these wastes.' Consequently, no new nuclear plants could
be constructed in California until adequate technology was developed and
until it was recognized and approved by the Commission and the federal
government. The Supreme Court unanimously upheld California's moratorium.' The moratorium was based on economic concerns associated
with the management of nuclear wastes and "fell within the legitimate
scope of state authority."' 72
164. Ocean Dumping Hearings 1982, supra note 65, at 77 (statement of Roger J. Mattson).
165. Id.
166. Lash, supra note 26, at 278.
167. 435 U.S. 519 (1978) (dicta); see Hallmark, supra note 85, at 823.
168. Tribe, California Declines the Nuclear Gamble: Is Such a State Choice Preempted?, 7
ECOLOGY L.Q. 679, 680-81 (1979).
169. Id. at 681.
170. Id. at 682-83.
171. Pacific Gas & Elec. Co. v. State Energy Resources Conservation & Dev. Comm'n, -..._U.S.
103 S. Ct. 1713 (1983); see Sandier, Mixed Rulings on Nuclear Power, ENV'T, July/Aug.
-,
1983, at 2, 2.
172. Sandier, supra note 171, at 2.
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By comparison, some other countries have "stipulation laws." Under
a 1977 Stipulation Law in Sweden, the owners of nuclear power plants
must provide evidence of safe nuclear waste disposal before the loading
of fuel will be authorized. 173 In Switzerland, the Atomic Law requires
demonstrable progress toward the safe disposal of all types of nuclear
wastes by 1985.171
The Nuclear Non-ProliferationAct of 1978
Since the 1974 explosion of a nuclear device in India, there has been
increased emphasis on controlling diversion of nuclear fuel to military
uses. 75 Advanced breeder reactors and chemical reprocessing of spent
fuel generate large amounts of plutonium. The light-water reactor presently exported by the United States presents little opportunity for the
reprocessing of plutonium, the essential material for nuclear weapons.
However, Canada's heavy-water reactor produces twice the amount of
plutonium per year as the light-water reactor. Also, the liquid-metal breeder
reactor produces
more plutonium from nonenriched uranium than it con76
sumes. 1
In a speech to the U.N. Conference on Nuclear Energy and World
Order on May 13, 1976, President Carter advocated multinational reprocessing and storage centers. The centralized facilities would put chemical
reprocessing, fuel fabrication, uranium enrichment, and fuel storage under
international control, thus minimizing the risks of military diversion and
environmental contamination. President Carter proposed that the chemical
reprocessing plant at Barnwell, South Carolina be the first multinational
facility. ' However, in a major reversal of policy, President Carter announced in April, 1977, withdrawal of support for the Barnwell reprocessing plant. Citing the weapons proliferation danger present in the
plutonium economy, President Carter proposed the development of advanced convertor reactors, alternative breeder reactors, and other fuel
cycles, emphasizing nonproliferation and safety concerns. 7 '
Out of this reversal in policy came the Nuclear Non-Proliferation Act
173. Gera & Tammemagi, Disposalof Nuclear Wastes: A National and InternationalPerspective,
RADIOACTIVE WASTE MGMT. 215, 222 (1981).
174. NUCLEAR ENERGY AGENCY, ORGANIZATION OF ECONOMIC CO-OPERATION &
DEV., GEOLOGICAL DISPOSAL OF RADIOACTIVE WASTE 37 (1982) [hereinafter cited as
NEA GEOLOGICAL DISPOSAL].
175. Approaches, supra note 3, at 452-53 (statement of Paul L. Leventhal).
176. Bauser, United States NuclearExport Policy:Developing the PeacefulAtom as a Commodity
in InternationalTrade, 18 HARV. INT'L L.J. 227, 269 (1977).
177. Note, Recent U.S. Efforts to Control Nuclear Proliferation, 10 VAND. J. TRANSNAT'L
L. 271, 277-78 (1977) [hereinafter cited as Efforts].
178. Id. at 278.
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of 1978 (NNPA). 179 The NNPA advocates an increase in international
safeguards and controls on peaceful nuclear activities to minimize the
threat posed to domestic security and world peace from nuclear proliferation. Specifically, the NNPA seeks to:
a. assure adequate nuclear fuel supply to importing nations;
b. facilitate the granting of export licenses to reaffirm faith in the
ability of the United States to supply nuclear reactors and fuel;
c. encourage ratification of the Nuclear Non-Proliferation Treaty;80
and
d. identify cost effective alternatives to nuclear power to aid nations
in need of energy." s'
The NNPA severely limits possibilities for fuel reprocessing and advocates the surrender of spent fuel for storage in international repositories
rather than for immediate reprocessing. Compensation would be given
for the energy content of the waste if such recovery were implemented
in the future.' 8 2 The NNPA also advocates the adoption of standardized
export policies among nations producing nuclear hardware and technology.'83 Adoption of IAEA safeguards and uniform export conditions would
limit competitive pressures to minimize safeguards in order to build export
sales.' 84 The net effect of the NNPA is to limit U.S. exports of chemical
reprocessing and enrichment plants. The United States would continue
to provide nonweapons grade uranium and reactor technology to importing
countries but only if they agreed to certain international safeguards. Developing nations not possessing nuclear technology would also be encouraged to utilize nonnuclear energy resources.
V. MANAGEMENT STRATEGIES FOR HIGH-LEVEL WASTES
In the United States, the National Waste Terminal Storage (NWTS)
program administered by the DOE has the overall objective of identifying
and/or developing "technologies that will provide a high degree of assurance that existing and future high-level radioactive waste (HLW) generated by government and commercial activities can be isolated from the
biosphere in a safe, environmentally acceptable manner."' 5 The U.S.
179. Pub. L. No. 95-242, 92 Stat. 120 (1978) (current version codified in scattered sections of
22 U.S.C. and 42 U.S.C.); see Official Documents, United States: Nuclear Non-ProliferationAct
of 1978, 72 AM. J.INT'L L. 712 (1978).
180. July 1, 1968, 21 U.S.T. 483, T.I.A.S. No. 6839, 729 U.N.T.S. 161 (entered into force
Mar. 5, 1970).
181. 22 U.S.C. §3201(a-d) (1982).
182. Id. § 3223(a)(5) (1982).
183. 42 U.S.C. §2153b (1982).
184. See Efforts, supra note 177, at 278-79.
185. 1 SANDIA NATIONAL LABORATORIES, SUBSEABED DISPOSAL PROGRAM ANNUAL REPORT JANUARY TO DECEMBER 1980: SUMMARY 11 (1982) (SAND81-1095).
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program being followed by the DOE is based on recommendations by
the Interagency Review Group on Nuclear Waste Management and has
the following key characteristics:
a. the first approach to U.S. disposal of radioactive wastes should
be the mined repositories in geologic formations;
b. technology should be and probably is adequate to proceed with
the geologic exploration for appropriate sites;
c. during the process of selecting sites, a wide range of geologic
media and stable environments should be explored to allow for
a choice between several sites which are geographically distributed;
d. deep ocean sediments should be evaluated as providing potential
alternatives for the disposal of radioactive wastes;
e. technical conservatism should be the policy governing the use of
any repository;
f. a systems approach should be utilized for selection of the geologic
environment, the repository site, and the waste/package form;
and
g. program flexibility and timing should interface appropriately with
the important role which is served by away-from-reactor storage
of spent fuel.' 86
Multiple Barriers Concept and Systems Approach
A combination of natural, man-made, or engineered barriers constitutes
a composite system which determines the effectiveness of the long-term
isolation of a given high-level waste repository.8 7 In the system, each
component contributes to the isolation of the radionuclides but no individual component is considered to be the sole isolation barrier.'88 "This
is known as the multiple-barrier concept, and it reflects the fact that none
of the natural or man-made barriers is sufficiently understood to justify
total reliance on any one of them for adequate isolation."' 8 9
The waste package is one of the man-made components of the multiplebarrier disposal system and may include (from the exterior to the interior):
(1) the backfill, (2) the sleeve, (3) the overpack, (4) the chemical buffer,
(5) the canister, and (6) the waste form. ' "Because the choice of components will depend on the characteristics of both the high-level waste
186. See D. ANDERSON, D. BOYER, D. DEESE, H. HERMANN, J. KELLEY, & D. TALBERT, THE STRATEGY FOR ASSESSING THE TECHNICAL, ENVIRONMENTAL, AND ENGINEERING FEASIBILITY OF SUBSEABED DISPOSAL 8 (1980) (Sandia National Laboratories,
SAND79-2245) [hereinafter cited as ANDERSON].
187. Klingsberg & Duguid, Isolating Radioactive Wastes, 70 AM. SCIENTIST 182, 183 (1982)
[hereinafter cited as Klingsberg].
188. Id. at 182.
189. Id. at 183.
190. Id. at 185.
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to be isolated and the geologic environment, not all of the components
...will necessarily be required for a specific repository. ''9 The other
engineered components are the repository design and the construction
seals.' 92 The waste package is designed to function as a barrier to the
release of radionuclides, once the package makes contact with groundfission products will be contained
water."93 Shorter-lived, heat-generating
"until they have largely decayed."' 94 While the geological barrier provides large time delays to the subsequent release of radionuclides, the
waste package provides protection throughout the functional life of the
repository (which could be for several decades). 95
The history of high-level waste forms shows the evolution from alkaline
supernate and sludge forms, used when stainless steel holding tanks were
unavailable in the 1940s, to the stable solids with low leachability utilized
during the 1970s.' 96 Many high-level waste forms have been designed to
immobilize the radioactivity via stable, solid media. Seven potential forms
for the immobilization of HLW from chemical processing of nuclear
reactor fuels and targets were selected by the DOE in 1980 for continued
development and characterization."' 9 Seventeen forms were originally
identified and investigated and the seven selected were: (1) borosilicate
glass, (2) SYNROC,' 9 ' (3) tailored ceramic, (4) high silica glass, (5)
FUETAP concrete, (6) coated sol-gel particles, and (7) glass marbles in
a lead matrix.' 99 In 1981, the DOE reduced the number of alternatives
from seven to two-borosilicate glass as the reference form and SYNROC
as the alternative form-for immobilization of defense wastes. 2"
Borosilicate waste glasses have well-developed formation processes
and are mainly vitreous products which are formed by the fusion of nuclear
waste with compatible fluxing agents (primarily Si0 2 and B 2 0 3 ) at temperatures of 950' to 1 150C. The immobilization of both commercial and
defense HLW is possible with waste glass even though the waste streams
are quite dissimilar. Using glass to immobilize HLW lowers the waste
191. Id.
192. Id.at 184.
193. NEA GEOLOGICAL DISPOSAL, supra note 174, at 9-10.
194. Id. at 10.
195. Id.
196. Walton, Wilson, & Gordon, Department of Energy's Selection of High Level Waste Forms,
in THE TREATMENT AND HANDLING OF RADIOACTIVE WASTES 307, 307-08 (A. Blasewitz, J. Davis & M. Smith eds. 1983) [hereinafter cited as Walton].
197. Id.at 308. If spent fuel is not reprocessed, the waste forms cannot be utilized. Pigford,
Geological Disposal of Radioactive Waste, CHEM. ENG'G PROGRESS, Mar. 1982, at 18, 23.
198. SYNROC is an acronym for SYNthetic ROCk. Ringwood, Immobilization of Radioactive
Wastes inSYNROC,70 AM. SCIENTIST 201, 201 (1982).
199. Walton, supra note 196, at 308.
200. Id.at 307, 310. The SYNROC form selected is SYNROC-D developed for immobilizing
defense wastes. SYNROC-C was developed for immobilizing commercial wastes. Ringwood, supra
note 198, at 201-02.
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volume by a factor of approximately 10 and facilitates transportation to
a disposal site. 2"' Glass offers a number of advantages which may be
summarized as follows:
a. glass may accommodate the diverse range of elements in the waste
because it has no strict organization at the atomic level;
b. in radioactive testing, glass has neither corroded nor pressurized
the metal canister to a point which would affect the canister's
integrity;
c. tests have proven that glass is very tolerant at radiation levels
exceeding those to which an actual waste glass would be exposed;
and
d. leaching of the radioactive wastes from glass has proven low at
the expected "long-term geologic repository temperature" of 350
to 400C.2 °2
One disadvantage associated with glass is that waste glasses devitrify
when subjected to high temperatures (about 500C), resulting in a slight
increase, by a factor of 2 to 5, in leachability. 0 3 Avoiding devitrification
is possible by incorporating certain features into the design and construction of the waste glass processing and disposal facilities. 2 4
"The SYNROC concept is unique because it suggests: a) using a titanate-based mineral system of extremely low solubility, and b) incorporating
the radionuclides into these 'host minerals' at low concentrations (i.e., as
dilute solid solutions). 2 5 The form suggested for the storage of commercial HLW is SYNROC-C. 2° This original form has been modified for
defense wastes and is called SYNROC-D.2 °7 The host minerals are found
in nature with survival periods of up to 2 x 109 years in various geo201. Mendel, Waste Glasses-Requirements and Characteristics,in THE TREATMENT AND
HANDLING OF RADIOACTIVE WASTES 178, 178-79 (A. Blasewitz, J. Davis, & M. Smith
eds. 1983) [hereinafter cited as Mendel].
202. Kerr, Nuclear Waste Disposal: Alternatives to Solidification in Glass Proposed, 204 SCI.
289, 289 (1979) [hereinafter cited as GlassAlternatives]; Mendel, Glass:An Available Materialfor
the Immobilization of Nuclear Waste, 33 TRANSACTIONS AM. NUCLEAR SOC'Y. 278, 278
(1979) [hereinafter cited as Glass].
203. Mendel, supra note 201, at 182; see Glass, supra note 202, at 278 (leachability increases
by a factor of 10).
204. Mendel, supra note 201, at 182.
205. Campbell, Rozsa, & Hoenig, Immobilization of High-Level Defense Wastes in SYNROC-D:
Recent Research and Development Results on Process Scale-Up, in THE TREATMENT AND
HANDLING OF RADIOACTIVE WASTES 318, 318 (A. Blasewitz, J. Davis, & M. Smith eds.
1983) [hereinafter cited as Campbell].
206. SYNROC-C consists of zirconolite (CaZrTi2O7), perovskite (CaTiO 3), and hollandite
(BaAl 2Ti6O 6). Ringwood, Oversby, Kesson, Sinclair, Ware, Hibberson, & Major, Immobilization
of High-Level Nuclear Reactor Wastes in SYNROC: A CurrentAppraisal, 2 NUCLEAR & CHEM.
WASTE MGMT. 287, 288 (1981) [hereinafter cited as SYNROC Appraisal]; see Campbell, supra
note 205 at 318-319.
207. Campbell, supra note 205, at 318. The mineral phases in SYNROC-D are zirconolite,
perovskite, nepheline (NaAlSiO 4), and spinel (RO
• R 2+..O 3 ). Id.
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chemical-geological environments.2"' The SYNROC has better leach resistance than glass at higher temperatures and could be buried in geological
repositories within several years after reprocessing 2" in contrast to glass
which could require cooling above ground for long periods of time.2 1° Approximately three times the weight of HLW can be immobilized in the same
volume of SYNROC, compared to glass.2 '
The SYNROC offers the following advantages:
a. the concept is simple;
b. since the HLW are encapsulated and sealed in one process, "the
loss of substantial amounts of cesium, ruthenium and other volatile elements"2"' would be reduced;
c. the decay heat output and probability of radiation effects would
be decreased
due to the low waste loading (usually less than 10
21 3
percent);
d. since the atomic structure of the minerals would be maintained,
the bonding structure and immobilization would be more predictable;2 4 and
e. the SYNROC outperformed borosilicate glass in temperature and
pressure tests."'
Two primary concerns regarding SYNROC are:
a. "radiation damage-the disordering of the crystal structure," and
b. transmutation-"the substitution of a new chemical element in
the structure when its progenitor decays radioactively., 2 6
The SYNROC received the highest score of the seven alternative waste
forms in the product performance evaluation portion of the DOE selection
process. However, the fabrication process for borosilicate glass received
the highest process score since it was the simplest and least expensive.
The combined product and process scores selected borosilicate glass as
the best waste form (justifying continued development) and SYNROC as
the best alternative.2 " The full-scale production plants operating in Europe
208. SYNROC Appraisal, supra note 206, at 288.
209. Id. at 287, 304.
210. The French plan is to cool the glass waste form for 70 to 80 years above ground prior to
final burial. Radioactive waste bound in crystals, PHYSICS TODAY, Apr. 1980, at 21, 22.
211. SYNROC Appraisal, supra note 206, at 287, 304.
212. SYNROC-a better way to store rad wastes?, 115 SCI. NEWS 199, 199 (1979) [hereinafter
cited as SYNROC].
213. Scheetz & McCarthy, Synthetic MineralNuclear Waste Ceramics, in 33 TRANSACTIONS
AM. NUCLEAR SOC'Y 278, 279 (1979).
214. SYNROC, supra note 212, at 199.
215. GlassAlternatives, supra note 202, at 290.
216. Id.
217. Walton, supra note 196, at 310.
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employ borosilicate glass as the matrix for HLW immobilization.21 ' The
operating experience using borosilicate glass may outweigh any performance advantages of alternative forms such as SYNROC.219
For both of these alternatives, the high-level waste forms will be contained in canisters. Initially, a simple stainless steel encasement was
proposed.2 20 Subsequently, improved canisters for each waste form option
were evaluated. An alloy of 99 percent titanium may provide a protective
shield for stainless steel canisters of glassy cylinders of waste. At an
initial temperature of 250'C, the waste could be protected for several
hundred years. 22 ' Following the incorporation of the radwastes into SYNROC, the wastes would be placed into a thick-walled nickel canister and
then cold-pressed to approximately 70 percent of its theoretical density.
"After being sealed with a thick copper and nickel lid, the entire [SYNROC] assembly should be hot-pressed at 1,200'C to 1,300C into a
mechanically strong package 'close to its theoretical density.' 31222
The overpack component of the waste package may provide additional
radiation shielding, corrosion resistance, or structural resistance. 223 The
sleeve may act as a liner for the hole to give structural support and to
aid in possible retrieval of the canister and overpack.2 24 Backfill may act
"as a sorptive medium, heat-transfer agent, and plastic stress adjustmert
medium , 2' and may contain chemical conditioning agents. 226 The repository must be sealed after emplacement of the wastes to exclude water
and to retard the migration of the radionuclides.227
218. Clelland, HighLevel Waste: Summary and Trends, in THE TREATMENT AND HANDLING
OF RADIOACTIVE WASTES 635, 635 (A. Blasewitz, J. Davis, & M. Smith eds. 1983).
219. See id.
220. GlassAlternatives, supra note 202, at 291.
221. Kerr, Geologic Disposalof Nuclear Wastes: Salt's Lead Is Challenged, 204 SCI. 603, 604
(1979) [hereinafter cited as Geologic].
222. SYNROC, supra note 212, at 199.
223. OFFICE OF NUCLEAR WASTE ISOLATION, U.S. DEP'T ENERGY, PROCEEDINGS
OF THE NATIONAL WASTE TERMINAL STORAGE PROGRAM INFORMATION MEETING
105 (1980) [hereinafter cited as NWTS MEETING]; see Klingsberg, supra note 187, at 184-85.
224. NWTS MEETING, supra note 223, at 105. "In addition to providing containment and
resistance to corrosion, the sleeve will be designed to maintain an open hole for possible retrieval
of the waste at a later time." Klingsberg, supra note 187, at 185.
225. NWTS MEETING, supra note 223, at 105; see Klingsberg, supra note 187, at 185. See
generally Hodges, Westsik, & Bray, Development of a Backfillfor Containmentof High-LevelNuclear
Waste, in SCIENTIFIC BASIS FOR RADIOACTIVE WASTE MANAGEMENT-V, 641 (W. Lutze
ed. 1982).
226. NWTS MEETING, supra note 223, at 105. These conditioning agents are designed to limit
the dispersion of any HLW that may leach, by means of a chemical reaction. Marshall, A UK view
of the mangement of high-level waste, INT'L ATOM. ENERGY AGENCY BULL., June 1982, at
25, 28.
227. Id. at 158.
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NaturalBarriers
Geologic Land Burial
Burial in deep geological formations is a passive method of HLW
disposal which decreases the chances of accidental intrusion by mankind
and has little likelihood of malicious intrusion.228 The natural barriers in
geologic land burial include geological isolation, geochemical barriers,
and the environment. The geological formation is a primary barrier which
should have low water permeability to limit the rate of leaching of the
waste package and the rate of transport of radionuclides to the biosphere.
The interaction of the radionuclides with the host media determines the
geochemical nature of the barrier. Transport rates may be slower for some
radionuclides than water because of retention by "ion-exchange, surface
absorption, or precipitation" processes. The environment is a natural
barrier because it "will tend to dilute any radionuclides reaching the
biosphere and reduce their biological effects." 229
The U.S. program has studied the land-based geological formations of
rock salt, basalt, granite, volcanic tuffs, and sedimentary rocks. For more
than 20 years, salt beds have been regarded as the most promising host
medium for radioactive waste burial.230
[SIalt has no cracks in it that would allow the flow of water or brine,
the most likely means of escape for wastes from a disposal site. Salt
...flows under pressure. Thus, fractures should seal themselves.
Unfractured salt has been shown in the laboratory to be among the
most impermeable rocks in nature. In addition ... the persistence
of salt deposits for 200 million years or more demonstrates their
"'
isolation from circulating groundwater.23
However, two concerns have arisen in regard to salt beds. The first concern
relates to the fact that salt beds have been altered by groundwater penetration due to their high solubility.232 Secondly, salt is a generic rock
type which presents complications because it contains brine. "The brine,
.. . tends to migrate toward a heat source and, unless excessive temcanisters could become immersed in a hot,
peratures are avoided, 2waste
33
highly corrosive bath.
228. NEA GEOLOGICAL DISPOSAL, supra note 174, at 8. 229. Marshall, supra note 226, at 27-28.
230. Geologic, supra note 221, at 603; see Ausness, High-Level Radioactive Waste Management:
The Nuclear Dilemma, 1979 WIS. L. REV. 707, 749-51.
231. Geologic, supra note 221, at 603.
232. Id.; Gonzales, Host Rocks for Radioactive-WasteDisposal, 70 AM. SCIENTIST 191, 195
(1982).
233. Carter, The Radwaste Paradox, 219 SCI. 33, 36 (1983) [hereinafter cited as Radwaste
Paradox]. "All salt deposits contain some brines-fluids with very high concentrations of dissolved
solids." Gonzales, supra note 232, at 195. See Pohl, supra note 147, at 39.
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The alternatives to salt beds are the salt domes situated along the U.S.
Gulf Coast. Major brine pockets appear to be associated more with salt
beds than with salt domes.234 In recent geologic times salt domes near
the Gulf Coast have continually been rising while those further inland
have apparently stabilized. As a result further studies of the inland domes
were initiated in the late 1970s.235 In any event, the U.S. Geological
Survey (USGS) advised the DOE that "the chances for predicting subsurface geologic and hydrologic conditions were 'significantly better in
bedded salt than in dome salt.' , 236 The possible disadvantages of using
salt as a geologic barrier include the fact that salt has poor sorptive
qualities which, without the multiple barrier repository design, would
make radionuclide migration a concern.237 Salt itself, moreover, is a
resource and other valuable mineral resources such as potash, oil, and
conjunction with rock salt than any other
gas "are more likely to
238 occur in
rocks."
host
possible
Granite is also under consideration as a host medium in the United
States and has already been selected by Sweden.239 Granite displays high
levels of physical strength and possesses mechanical stability in large
underground openings. Other advantages of granite include: (1) chemical
stability; (2) low content of pore water; and (3) sorptive qualities, intermediate between salt and clay-rich shales due to inclusions of secondarily
formed minerals. Fractures in the rock may occur "near the surface but
may diminish in both number and magnitude toward the lower end of
the depth spectrum (1,000 m), thereby yielding rock masses that may be
essentially impermeable. '"2 However, sites in France and the United
Kingdom have not demonstrated this impermeability.24 Concerns which
are being researched include the artificial fractures that could occur from
excavation and construction activities and from thermal loading of emplaced wastes that would permit water movement.242
Another alternative, basalt, underlies the Columbia River plateau, and
repository studies are in progress in this medium at the Hanford Reservation in Washington.
234. Radwaste Paradox, supra note 233, at 36. The salt in salt domes originally "laid down in
horizontal beds"; however, because of salt's lower density, many salt fingers ascended and pierced
the sedimentary rock above the salt. Geologic, supra note 221, at 604. Since salt domes were
modified while in bedded form and while forming domes, they are more complex than salt beds.
Id. See also Radwaste Paradox, supra note 233, at 35.
235. Geologic, supra note 221, at 604; see Ausness, supra note 230, at 750.
236. Radwaste Paradox, supra note 233, at 35.
237. Gonzales, supra note 232, at 195.
238. Id.
239. Id. at 198.
240. Id. at 196.
241. Id.
242. Id.
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Aside from the proximity of this particular deposit to a major US
nuclear facility, basalt exhibits the following favorable characteristics: an intermediate thermal conductivity; a silicate mineralogy formed
from high-temperature lavas, and thus an ability to withstand high
thermal loads; a high physical rock strength; and a low permeability.
Furthermore, it occurs as thick (up to 50 m) individual and nearly
horizontal units, and alteration minerals within it, mainly clays,
enhance the sorptive qualities of the rock mass. The Hanford basalt
region also has several negative characteristics, however, including
zones of columnar joints, which serve as actual and potential conduits
for groundwater flow, and thus potential radionuclide migration; sedimentary interbeds; zones of weathering; and porous vesicular (containing gas-bubble openings) intervals, which are also water-bearing,
within the basalt flow sequence."
Problems have arisen with the Hanford basalt site. Fractures were discovered in core samples which "suggest that the basalt is under high
horizontal compressive stress" 2' which complicates repository design and
construction and may cause fractures through which radionuclides could
escape. The USGS is studying possible pathways for radionuclide transport from the repository site to the Columbia River. It is also technically
questionable whether it is possible to drill a shaft, 20 feet in diameter,
which is required for such a repository.245
Volcanic tuff as another alternative isolation medium is under investigation in Nevada on federal lands already contaminated by nuclear
weapons testing.246 There are two types of tuff-welded and zeoliticand a site possessing alternating layers of the two types is preferred.
Welded tuffs are volcanic ash flows that were fused at the time of
formation, and are thus dense, low in porosity and permeability, and
able to accept high thermal loads. They are comparable to basalts in
terms of rock strength, thermal conductivity, and related properties.
Brittle and capable of being fractured, they are thus commonly important fracture-flow aquifers.
Zeolitic tuffs are so named because they contain zeolites, which,
in general, are formed by the alteration of silicic volcanic glass and
other minerals rich in silicon and aluminum. As hydrous silicate
minerals, they possess open structures in which water molecules and
large-radius cations occupy cavities between tetrahedral bonding units.
In contrast to welded tuffs, zeolitic tuffs exhibit low density, high
porosity and permeability, and only moderate values of rock strength
and thermal conductivity. They also typically have a high water
243.
244.
245.
246.

Id.
Radivaste Paradox,supra note 233, at 35.
Id. at 34, 35.
Id. See also Geologic, supra note 221, at 605.
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content, but above 100°C some zeolite minerals begin to dehydrate,
thus adding more free water to the system and increasing the chance
of rock fracturing. Offsetting these somewhat negative characteristics
is what is possibly their most significant property, namely, their
sorptive capacity, and therein their ability to impede radionuclide
migration.247

A potential earthquake problem was discovered at the Nevada site.248
"The tuff was found to be under high tensional tectonic stress-stress
that tends to separate the rocks-and this makes existing faults in the
area susceptible to movement in the event of a sizable earthquake in the
larger region, which is seismically active." 249
Similarly, some work has been performed on the sedimentary rocks,
shale and anhydrite.25 The discovery of a natural reactor in shale-enclosed
uranium ore in the Republic of Gabon and the almost complete long-term
retention (approximately 2 billion years) of the radionuclides from the
generated fission products illustrates the potential of shale."s However,
with efforts already being directed toward salt and three nonsalt geologic
media, no detailed studies are planned for sedimentary rocks. 2
Subseabed Disposal
Subseabed disposal is an alternative NWTS program and involves the
placement of HLW in stable geological formations beneath the ocean
floor. In selecting optimal locations for subseabed disposal, the major
factor has been "plate tectonics," the predictable movements of the 12
solid rock plates comprising the ocean crust.2 53 Subseabed disposal offers
a number of barriers to the release of radioactive wastes. "The system
to be considered, then, includes the encapsulated wastes, the surrounding
geologic medium, the overlying water column, and the biological community in and beneath it." 4 This "multiple barrier approach" includes
generic and stepwise barriers. Generic barriers describe the repository
setting, whereas stepwise barriers are those barriers which prevent or
militate against the release of radioactive wastes. The stepwise barriers
247. Gonzales, supra note 232, at 197.
248. Radwaste Paradox,supra note 233, at 35.
249. Id. "From a technical standpoint this finding has not been considered particularly alarming;
many mines have survived earthquakes, and, it is felt, a properly engineered ... repository could
withstand such an event." Id.
250. Gonzales, supra note 232, at 197.
251. Id. at 198; Walton & Cowan, Relevance Of Nuclide MigrationAt Okla To The Problem Of
Geologic Storage Of Radioactive Waste, in THE OKLO PHENOMENON 499, 500 (1975).
252. Gonzales, supra note 232, at 198.
253. Hollister, Bishop, & Deese, Siting ConsiderationsAnd Political Implications For The Disposal OfHigh Level NuclearWastes Beneath The Deep Sea Floor, in MARINE SCIENCE & OCEAN
POL'Y SYMPOSIUM, 143, 143 (June 1979) [hereinafter cited as Hollister].
254. Id. at 152.
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include the engineered barriers of the waste form and container. The other
stepwise barriers and all of the generic barriers are natural.255 Other
barriers to the release of radioactive wastes include (1) a slow water
movement through the sediment; (2) ion-exchange processes which slow
movement of radionuclides; and (3) a slow water column.2 56
As with other disposal methods, the host medium or geologic formation
is the foremost barrier to the release of radioactive wastes. Red clay is
believed to be the best host medium which satisfies the necessary criteria.
Specifically, red clay has low permeability, meaning water does not readily
flow through the medium, and a high distribution coefficient, a measure
of its sorptive quality. Thus, the travel time of wastes through the medium
would be lengthy-approximately 100,000 years for a waste element "to
move by diffusion alone through 30 meters of sediment. 25 7 Red clay's
high adsorptivity would further delay this travel time. Clay is also a fairly
tranquil medium which has the ability to self-seal fractures.
The geologic setting for subseabed disposal is crucial and should adhere
to the following criteria:
a. environmental predictability;
b. regions not in proximity to the lithospheric plate edges-("A rule
of thumb excludes those areas within 100 miles of any recorded
seismic event greater than a given magnitude or within 100 miles
of volcanoes or those that are known to have been active over
the past 10' years.");258
c. regions unlikely to suffer adverse affects of an ice age; and
d. regions not thought to contain food, mineral, or hydrocarbon
resource concentrations."
255. Id. at 152-53. The various generic barriers include: (1) the distance from habitation; (2) the
water depth of the proposed repository site; (3) the constant conditions (both temporally and geographically interfacing with the proposed site; (4) the geologic stability and predictability (the
probability of cataclysmic events); (5) the sparse biology or potential for biologic transport of
radioactivity; and (6) the large liquid dispersal medium (but only as the last resort). By comparison,
the stepwise barriers include: (1) the utilization of a solid, low leach rate waste form; (2) a container
with a low rate of corrosion; (3) a medium with very low permeability; (4) no advection or slow
advection of water through the surrounding sediments; (5) fractionalism or high exchange of ions
in the surrounding sediments; (6) the existence of a special chemistry or biological activity at the
sediment surface (that is, the benthic boundary layer); and (7) slow currents (tidal currents only and
very small currents throughout the surrounding area). Id. at 152.
256. Id. at 153.
257. Geologic, supra note 221, at 606.

258. Hollister, supra note 253, at 144, 151. The geologic setting where the wastes are to be
contained must be predictable for, at a minimum, 1.0 million years-to effectively provide for waste
isolation. Naturally, areas that have extremely low tectonic and seismic occurrences are preferred,
as well as areas that have "a long history of continuous deposition rather than erosion." Trends
show that within 5,000 to 50,000 years, the earth will experience another ice age. The necessary
isolation period of 1.0 million years exceeds this time span; therefore, it is necessary to exclude
those areas which might be targeted for another ice age.
259. Id. at 151.
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Several locations are being considered as generic study areas, and from
these locations, several candidate disposal sites will be selected.
VI. LEGAL POSITIONS
Nuclear Waste Policy Act of 1982
The Nuclear Waste Policy Act of 1982 (NWPA) 26° provides a national
program for commercial high level waste handling and terminal storage.
Defense wastes may be stored in commercial facilities although this is
not mandated. 26 ' However, the DOE has issued a formal plan that foresees
placing defense HLW in a civilian repository.262
The NWPA has the following major purposes:
a. "to establish a schedule for the siting, construction, and operation
of [geologic] repositories,"
b. "to establish the Federal responsibility, and a definite Federal
policy, for the disposal of ... [HLW] waste and spent fuel,"
c. "to define the relationship between the Federal ...and the State
governments with respect to the disposal of ... [HLW] waste

and spent fuel," and
d. "to establish a Nuclear Waste Fund, composed of payments made
by the generators and owners of ... [HLW] waste and spent
fuel. ,263

The schedule contains deadlines for selection of: (1) three sites for repository characterization, chosen from five nominated sites with different
types of geological formations (January 1, 1985); (2) one site for the first
repository (March 31, 1987 with a possible 1-year extension); (3) three
candidate sites from five nominated for the second repository (July 1,
1989); and (4) one site for the second repository (March 31, 1990 with
a possible 1-year extension). The decision by the NRC on construction
authorization is required for the first repository by January 1, 1989 (1year extension possible) and for the second repository by January 1, 1992
(1-year extension possible)." Full environmental impact statements will
be required for the two "repository sites" selected, whereas only environmental assessments are required for the "nominated sites." Affected
states or Indian tribes may veto the sites recommended for repositories.
The veto will stand unless both the U.S. House and Senate void it by a
260. Pub. L. No. 97-425, 96 Stat. 2201 (1983) (to be codified in scattered sections of 5 U.S.C.
and 42 U.S.C.).
261. 42 U.S.C. § 10107 (1982).
262. Seghers, Plan for Defense Waste in Civil Repository Gets Warm Reception Where Converse
Did Not, NUCLEAR FUEL, Aug. 15, 1983, at 11, 11.
263. 42 U.S.C. § 10131(b)(I)-(4) (1982).
264. Id. §§ 10132, 10134.
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majority vote.265 The statute also establishes a deadline for the DOE to
complete a study of the need for and feasibility of monitored retrievable
storage (MRS) and to submit a proposal to Congress for the construction
of one or more MRS facilities (June 1, 1985).26 The MRS facility may
be viewed "as an interim step toward permanent disposition"" or "an
alternative to proceeding with geologic disposal on the specified sched-

ule.

,26s

The DOE has selected the Basalt Waste Isolation Project site in Washington as a potential first repository. 269 Five additional states have been
notified that they have potentially acceptable sites in either basalt, tuff,
or salt media-Louisiana, Mississippi, Nevada, Texas, and Utah. Crystalline rock formations are being evaluated for the second repository
medium, and 17 states have been advised that they have candidate sites.270
The DOE can also provide up to 1,900 metric tons of capacity to store
the spent fuel of those civilian nuclear power reactors which are without
adequate on-site storage capabilities. A licensing procedure is established
to aid utilities in expanding their existing spent-fuel storage capacities.
Reracking or using high-density fuel storage racks, fuel rod compaction,
transshipment of spent fuel rods, dry storage containers, and other means
of storage may qualify for this licensing procedure. However, the first
application received by the NRC for utilizing a new technology, not
previously licensed for use, would not qualify.27
Subseabed Disposal
The U.S. legal position on subseabed disposal of HLW is unclear.272
The MPRSA appears to prohibit the implementation of subseabed disposal
of HLW beyond the pilot plant stage.273 Even if the MPRSA is theoretically
inapplicable to the use of subseabed disposal of HLW, there would have
to be compliance with two NRC regulations.274 All HLW disposal must
take place on federal lands, and before there is disposal at sea, such a
265. Id. §§ 10132-10134, 10135(c), 10136-10138; Bill passes; monument to hard work, compromise, NUCLEAR NEWS, Feb. 1983, at 60, 62.
266. 42 U.S.C. § 10161(b) (1982).
267. President'smessage at signing of waste bill, NUCLEAR NEWS, Feb. 1983, at 61, 61.
268. Knapik, 'Landmark'Waste Bill Is Seen Leaving Plenty ofRoomfor Delaying Waste Program,
NUCLEAR FUEL, Jan. 3, 1983, at 13, 14 [hereinafter cited as Waste Bill].
269. DOE nominates Hanford site for characterization,NUCLEAR NEWS, Apr. 1983, at 76,

76.
270. Id. at 78. The 17 states are: Connecticut, Georgia, Maine, Maryland, Massachusetts, Michigan, Minnesota, New Hampshire, New Jersey, New York, North Carolina, Pennsylvania, Rhode
Island, South Carolina, Vermont, Virginia, and Wisconsin.
271. 42 U.S.C. §§ 10151-10154 (1982); Waste Bill, supra note 268, at 14.
272. Hollister, supra note 253, at 154.
273. See 33 U.S.C. § 1401(c) (1982); OceanographyHearings 1977-78, supra note 7, at 281
(statement of David A. Deese).
274. Lomio, supra note 41, at 282.
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method must be shown to be less harmful than alternative disposal methods.2 75 However, contrary to the EPA's belief, the MPRSA cannot arguendo regulate the dumping of radioactive wastes beyond U.S.
jurisdiction.276 The MPRSA "was carefully drafted to ensure that the
United States would not be exercising its sovereignty over any high seas
area. 79277
The position of subseabed disposal with respect to the Ocean Dumping
Convention and the LOS Convention is also unclear. Whether a technically acceptable isolation system for seabed disposal of radioactive wastes
is delimited as "dumping" is contingent upon the interpretation of the
Ocean Dumping Convention. There are two possible interpretations of
the initial use of the phrase "at sea" in the definition of dumping. It either
refers "to the location of the disposing party" or to "the final location
of the wastes themselves." 278 Subseabed disposal would constitute dumping under the former interpretation but would not constitute dumping in
the latter case. Provisions in the LOS Convention may affect subseabed
disposal of radioactive wastes.279 "The Area and its resources are the
common heritage of mankind"2 8 under the LOS Convention, and the
legal status of the Area and its resources could be interpreted to mean
that there can be no national appropriation of the Area.28 ' Under this
interpretation any program for subseabed disposal would require exclusive
appropriation.2 2 The second set of provisions in the LOS Convention
concerns the International Sea-Bed Authority (ISA or the Authority).283
"The Authority is the organization through which States Parties shall, in
accordance with this Part, organize and control activities in the Area,
particularly with a view to administering the resources of the Area." 2 4
The ISA shall adopt appropriate rules, regulations, and procedures for:
(1) the prevention of pollution and contamination of the marine environment from disposal of wastes; and (2) "the protection and conservation
of the natural resources of the Area ... [including] the flora and fauna
275. Id.; 10 C.F.R. § 50, app. F (1979). This section provides that "[d]isposal of high-level
radioactive fission product waste material will not be permitted on any land other than that owned
and controlled by the Federal Government." The NRC "will not approve any application for a
license for disposal of licensed material at sea unless the applicant shows that sea disposal offers
less harm to man or the environment than other practical alternative methods of disposal." 10 C.F.R.
§ 20.302(c) (1979).
276. Lomio, supra note 41, at 282.
277. Id.; see 33 U.S.C. § 1401(c) (1982).
278. OceanographyHearings 1977-78, supra note 7, at 283 (statement of David Deese).
279. Lomio, supra note 41, at 283.
280. LOS Convention, supra note 114, at art. 136.
281. Id. at art. 137.
282. Lomio, supra note 41, at 283.
283. LOS Convention, supra note 114, at part XI, sec. 4.
284. Id. at art. 157, para. 1.
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of the marine environment."28 Subseabed disposal "would seem to be
'
prohibited without the express consent"286
of the ISA. However, since
the most "contested issue is not waste disposal, but seabed mining," the
ISA's mandated concern is probably "limited to the harmful effects from
mineral exploitation."2 87
The High-Level Waste Programs of Different Countries
National waste management programs of different countries differ on
the question of timing. One position argues that early and demonstrable
progress in HLW disposal is essential to alleviate public concern. In
contrast, the other position considers the technical advantages of interim
storage and argues that the public accepts and appreciates a cautious
approach to ultimate disposal.288 Despite philosophical differences, there
appears to be an international consensus on engineering issues. Upon
examination of the diverse national radioactive waste management programs, there seems to be agreement on the acceptable technical solutions
to issues of waste management. Almost every national program "envisages deep geologic disposal of solidified high-level waste and some types
of long-lived intermediate-level waste (ILW).'289 Most nations agree that
spent fuel is not a safe form for ultimate disposal. Most nations also form
a consensus "that glass-usually borosilicate-is the most reasonable
form for the solidified HLW." 2 9 In general, subseabed disposal is regarded as an alternative to land-based geologic disposal, and assessment
efforts of the seabed option are small compared to those directed toward
land-based options. However, there is international cooperation in evaluation of the concept within the framework of the OECD/NEA Seabed
Working Group.29
VII. MANAGEMENT STRATEGIES FOR TRANSURANIC WASTE
Most TRU waste is produced by countries "involved in fuel reprocessing, recycle-fuel fabrication, or weapons material production."292
285. Id. at art. 145.
286. Radiological Contamination Hearings 1976, supra note 112, at 16 (statement of Robert

Stein).
287. Lomio, supranote 41, at 284.
288. Raudenbush, Looking at waste management worldwide, NUCLEAR ENG'G INT'L, Aug.
1983, at 30, 30.
289. Id.

290. Id.
291. SANDIA NATIONAL LABORATORIES, PROCEEDINGS OF THE SIXTH ANNUAL
NEA-SEABED WORKING GROUP MEETING 201-06 (D. Richard Anderson ed. 1981) (SAND810427).
292. Lakey, Christensen, DeJonghe, Frejaville, Lavie, & Thackrah, Management of Transuranic
Wastes Throughout the World, 4 NUCLEAR & CHEM. WASTE MGMT. 35, 37 (1983) [hereinafter
cited as Lakey].
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These countries include Belgium, China, the Federal Republic of Germany, France, India, Italy, Japan, the United Kingdom, the United States,
and the USSR.293
The management goals of TRU waste are:
a. the reduction of waste generated;
b. a reduction in the volume of arising wastes;
c. the recovery of plutonium if it is safe and reasonably achievable;
d. the separation of actinides if this is reasonably achievable;
e. the incorporation of TRU waste concentrates into stable matrix
materials; and
f. the disposal of TRU waste by securing it in deep geological
repositories.294
Bitumin and cement are the preferred fixation agents; incineration is the
most widely used method for volume reduction.295
Low-concentration TRU waste is dumped at sea by Belgium and the
United Kingdom.296 The United States (at the Oak Ridge National Laboratory) and the USSR have deposited low-concentration TRU waste in
geologic strata.297 As of 1982, high-concentration TRU waste was placed
in interim storage facilities prior to final disposal in geologic repositories.
In the United States, the WIPP facility in New Mexico utilizes salt and
is scheduled to receive defense TRU waste beginning in 1989.29
VIII. MANAGEMENT STRATEGIES FOR LOW-LEVEL WASTE
Six land burial sites for commercial LLW disposal were opened in the
United States between 1962 and 1971 2 Three sites were closed by 1978
and, in 1979, the governors of the states with the three remaining sitesSouth Carolina, Nevada, and Washington-stated that they would not
indefinitely take on the responsibility of disposing of all of the nation's
LLW. 3 ° They asked for additional sites to be established and for better
regulation of shipping and packaging standards.
293. Id.
294. Krause, Transuranic Wastes: Summary and Trends, in THE TREATMENT AND HANDLING OF RADIOACTIVE WASTES 637, 637 (A. Blasewitz, J. Davis, & M. Smith eds. 1983).
295. Lakey, supra note 292, at 35, 45.
296. Id. at 35, 45. Numerical definitions for TRU waste vary from >0.035 to >1000 nCi TRU/
g, and the IAEA limit on alpha activity that can be dumped at sea is <1000 nCi TRU/g. Id. at 37,
45.
297. Id. at 35.
298. Id. at 35, 44.
299. Nuclear Waste Hearings 1981, supra note 39, 440 (report submitted by Edward L. Helminski).
300. Id. The regulation of the disposal of LLW has been by "a collection of piecemeal regulations
...which establish standards on an ad hoc basis." Hansell, The Regulation of Low-Level Nuclear
Waste, 15 TULSA L.J. 249, 249 (1979). The NRC has published a proposed regulation for managing
LLW (July 24, 1981) which contains the following performance objectives:
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The Low-Level Radioactive Waste Policy Act of 1980 (LLWPA)3 °'
establishes that each state is responsible for the disposal of low-level
waste generated within its borders. Wastes from defense activities of the
DOE or from federal research and development activities are not the
responsibility of the states. The LLWPA recommends that states enter
into regional compacts for safe and efficient management of LLW.302 After
January 1, 1986, compacts formed with state ratification and congressional approval may restrict the use of regional disposal facilities to LLW
generated within the compact's region." As of 1983, the compact alignments had resulted in six groupings-Northwest, Rocky Mountain, Central States, Midwest, Southeast, and Northeast. West Virginia, the District
of Columbia, Puerto Rico, the Virgin Islands, Texas, and California were
not members of any of these compacts. California and Texas planned to
dispose of their LLW without an interstate cooperative arrangement. 3"
There was speculation, but it was undetermined, what would happen to
states whose compacts did not meet the 1986 deadline.30 5
The LLW generated by the medical and bioresearch fields have received "special consideration because of their unique properties; namely,
short half-lives (except for 4C and 3H), relatively low activity levels,
flammability (of solvent media) and, occasionally, toxicity or pathogenicity. ' Some of these wastes were exempted from burial; limits and
conditions were established to permit release of radioactive material into
sanitary sewer systems--including the disposal of scintillation media and
animal tissue regardless of their radioactivity.3 7 The respective programs of different countries for LLW management indicate the variations in disposal methods. Shallow land burial, geological disposal, and
a. to protect the general population from any radioactive releases;
b. to protect trespassers against excessive exposure after the removal of controls at
a given facility;
c. to protect both the public and the facility's employees during operations; and
d. to stabilize the site after it is abandoned.
Johnson, Lohaus, & Smith, 10 CFR 61 Waste Form Requirements, in THE TREATMENT AND
HANDLING OF RADIOACTIVE WASTES 455, 455 (A. Blasewitz, J. Davis, & M. Smith eds.
1983) [hereinafter cited as Lohaus]. The proposed rule also has technical requirements addressing
the problem of: (1) the appropriateness of the site; (2) institutional requirements for the facility; (3)
the design, operation, and eventual shutdown of the site; and (4) waste classification and characteristics for the selection of appropriate disposal media. Id.
301. Pub. L. No. 96-573, 94 Stat. 3347 (1981) (codified at 42 U.S.C. §2021b-d (1982)).
302. See 42 U.S.C. §2021d (a)(1)(A-B) (1982).
303. Id. §2021d (a)(2)(B).
304. Six viable compacts remain; some states left out, NUCLEAR NEWS, Apr. 1983, at 72,
74.
305. Legislationfor compacts to Capitol Hill, NUCLEAR NEWS, Apr. 1983, at 76, 76.
306. Godbee & Kibbey, State-of-the-Art Review on the Management of Low-Level Radioactive
and TransuranicWastes, in THE TREATMENT AND HANDLING OF RADIOACTIVE WASTES
347, 350 (A. Blasewitz, J. Davis, & M. Smith eds. 1983).
307. 46 Fed. Reg. 16,230 (1981).
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ocean dumping constitute both present and planned methods of LLW
disposal.3"
IX. URANIUM MILL TAILINGS
The Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA)" amended the Atomic Energy Act of 1954 to define the regulatory
structure for control of uranium mill tailings. The EPA was directed to
formulate standards for stabilization of inactive mill tailings sites and for
the possession and processing, transfer, and disposal of by-product material at active uranium mills and at tailings disposal sites.3"' The NRC,
in its licensing procedures, was to enforce the EPA standards3"' for stabilizing inactive tailing piles. The NRC issued regulations for active sites
but was barred by Congress from enforcing them.3" 2 The NRC's authority
can be shared with those states who are "agreement states" and who also
propose regulations.33
The UMTRCA provided for the stabilization and control of designated
mill tailings sites.3" 4 There are 24 sites where the processing of domestic
15
uranium ore occurred and most are located in the western United States.
The UMTRCA provides for cooperative agreements between the DOE
and the affected states and Indian tribes which are designed to accomplish
remedial action.3" ' The cost will be shared-with the federal government
paying 90 percent and the affected states paying 10 percent.31 ' The federal
government will pay all costs on Indian lands.31 8 In the cleanup operations,
the DOE is required to meet the standards formulated by the EPA and
the NRC and to obtain a license.319 The DOE will take title to repository
308. See Raudenbush, supra note 288, at 32.
309. Pub. L. No. 95-604, 92 Stat. 3021 (1978) (codified in scattered sections of 42 U.S.C.).
310. 42 U.S.C. §§2111, 2114 (1982); Mill TailingsHearings 1982, supra note 10, at 545 (DOE
Commingled Tailings Study, Vol. I, submitted by Goetz K. Oertel).
311. 42 U.S.C. §§2111, 2114 (1982).
312. Mill Tailings Hearings1982, supra note 10, at 540 (DOE Commingled Tailings Study, Vol.
I, submitted by Goetz K. Oertel). The NRC was prohibited from using its 1982 appropriation to
enforce its regulation. See Energy and Water Development Appropriation Act of 1982, Pub. L. No.
97-88, 95 Stat. 1135, 1147 (1982). Subsequently, the EPA was given a deadline of October 1, 1983
to adopt final mill tailings standards for active sites, and the NRC must suspend its regulations if
they conflict with EPA standards. See Nuclear Regulatory Commission Appropriations Authorizations,
Pub. L. No. 97-415, § 18, 96 Stat. 2067, 2077 (1983).
313. Mill Tailings Hearings 1982, supra note 10, at 540 (DOE Commingled Tailings Study, Vol.
I, submitted by Goetz K. Oertel). The standards of the states in the compact must be in agreement
with those of the NRC. Id. at 545.
314. 42 U.S.C. §7912 (1982).
315. Mill Tailings Hearings 1982, supra note 10, at 622 n. I (DOE Report on the Formerly
Utilized Sites Remedial Action Program, app. 5).
316. 42 U.S.C. §§7913, 7915 (1982).
317. Id. § 7917(a).
318. Id. §Id. § 7917(b).
319. Id. §7918.
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sites and the project is to have a 7-year life.32 ° The EPA issued final rules
and regulations concerning licensed uranium mill tailings piles on September 30, 1983.321 Both the American Mining Congress and the Environmental Defense Fund immediately filed suits alleging that the regulations
did not conform with UMTRCA. 2
The DOE has a Formerly Utilized Sites Remedial Action Program
(FUSRAP) to assess sites where imported uranium and other radioactive
ores were processed (primarily in the eastern United States) and to determine which of these sites need to be decontaminated. The FUSRAP
has determined that 21 sites require remedial action and another 13 probably require remedial action-as the result of a study which included 130
sites out of a total of 300 sites. Authority exists to decontaminate only
10 of the 21 sites which require remedial action
and only 3 of the 13
323
sites which "probably" require remedial action.
There are four major problems that have been identified with the FUSRAP. First, the cost of the program is uncertain because the method of
disposal which is ultimately selected and the number of sites selected for
decontamination will significantly affect cost. Secondly, the standards are
not firmly established. The interim standard of reducing contamination
to levels which are as low as can be reasonably achieved may result in
excessive decontamination and unnecessary costs. Another problem is
that neither health effects assessments nor cost/benefit analyses have been
prominently utilized in decisions to decontaminate formerly utilized sites.
The final problem is that there is a shortage in the number of repositories
that are needed for the permanent disposal of residues.324
X. RENEWED INTEREST IN OCEAN DISPOSAL
In 1982, the DOE considered dumping approximately 30,000 tons of
contaminated soil into the ocean. The soil was contaminated with small
amounts of naturally occurring radionuclides which were the result of old
weapons-making activities during World War II. As part of a FUSRAP
cleanup effort, the soil was taken from backyards where it had been used
as landfill and stored and monitored at a federal site located near Middlesex, New Jersey. The DOE is considering this ocean dumping alternative not only as a way to avoid permanent monitoring but also as perhaps
320. Id. §§7914, 7922.
321. Knapik, Race to Courthouse Opens Legal Battle over EPA Mill Tailings Regulations, NUCLEAR FUEL, Oct. 10, 1983, at 12, 12.
322. Id.
323. Mill Tailings Hearings 1982, supra note 10, at 610 (DOE Report on the Formerly Utilized
Sites Remedial Action Program, app. 5).
324. Id. at 616-26.
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being the best and most inexpensive means of disposal.3 25 As of 1982,
EPA regulations would not permit the soil to be dumped at sea but,
thereafter, EPA revisions were proposed to make ocean dumping a viable
option.3 26 The regulations in the Ocean Dumping Convention "permit
wastes contaminated with trace amounts of naturally occurring radionuclides to be dumped under a general permit without first being packaged." 327 However, the EPA has not determined whether this contaminated
soil falls under this definition.328
A similar ocean dumping scenario involves the U.S. Navy which has
announced that it is preparing a generic environmental impact statement
(EIS) on the disposal of decommissioned nuclear submarines.329 The EIS
will consider the feasibility of defueling the reactor plant and disposing
of: (1) the reactor compartment by burial in government-owned land
disposal sites; or (2) the entire ship by placement on the deep ocean
bottom.33 Ocean disposal is being considered because "land disposal
appears to be significantly more expensive." 33 ' However, ocean disposal
requires more procedural steps under the MPRSA and the Ocean Dumping
Convention and could take an estimated 2 years longer to implement than
land disposal.332
There are no immediate plans for disposal although "four nuclear
powered submarines have been defueled and decommissioned and placed
in protective storage at U.S. Navy shipyards." 333 This can only be considered an interim measure because an accumulation of these ships could
hinder shipyard operations involving over 130 nuclear powered ships (on
operational status as of 1983)."' 4 Over the next 30 years, more than 100
submarines will be defueled and decommissioned for disposal.335 Each
submarine awaiting disposal "will contain up to 50,000 curies of radio'
This 50,000 curies can be compared to the approximately
activity."336
100,000 curies dumped per year by NEA countries at the Atlantic site
and to the more than 100,000 curies per year dumped into the ocean by
325. Norman, U.S. ConsidersOcean Dumping of Radwastes, 215 SCI. 1217, 1219 (1982).
326. Id.
327. Id.; see Ocean Dumping Convention, supra note 107, at art. IV, annex III. There is some
debate about Norman's interpretation.
328. Norman, supra note 325, at 1219.
329. 47 Fed. Reg. 2151 (1982).
330. Submarine DisposalHearing, supranote 48, at 8 (additional material supplied by the Navy
Department).
331. Id. at 9 (additional material supplied by the Navy Department).
332. Id. at 9, 10. Under the MPRSA, an EPA permit would be required for ocean disposal. Id.
at 4 (statement of Carl H. Schmitt).
333. Id. at 8 (additional material supplied by the Navy Department).
334. Id. at 9.
335. Id. at 157 (additional material supplied by Rep. Walter B. Jones).
336. Norman, supra note 325, at 1219.
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the British Windscale reprocessing plant.337 As an interim solution, the
U.S. Navy announced in 1984 that it was planning to retire nine nuclear
submarines by disposing of their radioactive components at two DOE
sites: namely, at Hanford, Washington and Savannah River, South Carolina.33
In addition to the interest of the U.S. Navy and the DOE in ocean disposal of LLW, the EPA has had inquiries from private industry and from
state compacts formulating waste disposal plans under the Low-Level Radioactive Waste Policy Act of 1980. 3"' The renewed interest in the ocean
dumping of radioactive wastes may be based on economics. Land burial
sites were constructed in the United States during the 1960s. Since land
burial was a cheap alternative to ocean disposal, the United States essentially abandoned the ocean dumping of LLW.34 ° However, the cost of land
burial has escalated sharply and public opposition has continually increased. 4 ' The Reagan Administration also advocated the use of cost-benefit
analysis in environmental policy-making. Proponents believed that the impact of many pollutants on the marine environment was sufficiently understood and that the hazards of ocean dumping could be adequately assessed
in order to apply cost-benefit analysis to ocean dumping.342
During 1982, the EPA was engaged in the process of revising the
regulations for ocean dumping. The older regulations which were promulgated in 1977 made ocean dumping difficult.343 Permits were essentially issued only when there was no other method of disposal. As part
of the new regulations, the "alternative method barrier" may be removed. 3" Changes in EPA regulations may also change U.S. classifications of radioactive wastes, currently based on their "generation method,"
by incorporating the definitions of radioactive wastes prepared by the
International Atomic Energy Agency under provisions of the Ocean Dumping
Convention. The IAEA definitions "classify radwastes according to their
curie content, the type of radiation emitted, and the half-lives of the
radionuclides they contain." 345
337.
338.
339.
Hurd).
340.
341.
342.
343.
344.
on land
345.

Id. at 1218.
Trupp, Nuclear Subs to Settle on Dry Land, OCEANS, July-Aug. 1984, at 54, 54-55.
OceanographyDumping Hearings1982, supra note 157, at 72 (prepared statement of Mema
Norman, supra note 325, at 1217.
Id.
Id. at 1218.
Id. at 1217.
Id. at 1218. "In short, ocean dumping would not necessarily be ruled out even if disposal
were an available alternative." Id.
Id. at 1219. The EPA definition of HLW is as follows:
High-level radioactive waste means the aqueous waste resulting from the operation
of the first cycle solvent extraction system, or equivalent, and the concentrated waste
from subsequent extraction cycles, or equivalent, in a facility for reprocessing
irradiated reactor fuels or irradiated fuel from nuclear power reactors.
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The MPRSA was amended in 1983 to place a 2-year moratorium on
the issuance of permits by the EPA for dumping of LLW except for
specified research purposes.3 46 After the 2-year period the EPA may not
issue a permit unless the applicant prepares a radioactive material disposal
impact assessment. Congressional approval will be required for any permit
the EPA intends to issue. The contracting Parties to the Ocean Dumping
Convention also passed a nonbinding resolution calling for the suspension
of the dumping of radioactive wastes at sea until the safety factors were
assessed and until a report was made at the 1985 convention meeting.347
XI. POLICY ALTERNATIVES AND RECOMMENDATIONS
The goal of minimizing environmental damage from radioactive wastes
involves four overall objectives. The policy for managing these wastes
should be directed towards isolating radioactive wastes from the biosphere
through an environmentally accepted method.348 The isolation method
selected should have some minimal requirements for operational maintenance and monitoring by future generations."' The marine environment
should be protected from radioactive wastes in the same manner as continental areas, 350 and should be preserved by protecting common interests
and rejecting special interests. 35 Radioactive waste management policy
should minimize the risk of nuclear weapons proliferation. A policy needs
to be established which provides that decisions on the continued development of nuclear power as an energy source are not based on the lack
40 C.F.R. §227.30 (1983).
The IAEA definition of HLW is as follows:
For purposes of Annex I to the London [Ocean] Dumping Convention, high-level
radioactive wastes unsuitable for dumping at sea means any waste with an activity
per metric ton exceeding:
(a) 1 Cit for alpha emitters, or 0.1 Ci/t for radium-226 and supported polonium210
(b) 100 Cilt forbeta/gamma emitters with half-lives greater than 0.5 years (excluding
tritium)
(c) 1,000,000 Cit for tritium and beta/gamma emitters with half-lives less than 0.5
years
This definition is based on a limit to the mass dumping rate of 100,000 metric
tons a year at a single dumpsite.
INT'L ATOMIC ENERGY AGENCY, INFORMATION CIRCULAR (Aug. 1978) (INFCIRC/205/
Add. 1/Rev. 1); definition reprintedin Ocean Dumping Hearings1982, supranote 65, at 37 (additional
material supplied by the EPA).
346. 33 U.S.C. § 1411 (1983).
347. Cruickshank, Disposingof intermediateand low level waste in Britain, NUCLEAR ENG'G
INT'L, Aug. 1983, at 33, 35; Radwaste Dumping RemainsHot InternationalIssue, OCEANS, JulyAug. 1984, at 65.
348. See 1 SANDIA NATIONAL LABORATORIES, SUBSEABED DISPOSAL PROGRAM
PLAN: OVERVIEW 7 (1980) (SAND80-0007/I).
349. ANDERSON, supra note 186, at 8.
350. See Sub-Seabed Disposal, supra note 5, at 86-87.
351. See DEESE, supra note 9, at 151-52.
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of environmentally safe methods for disposal or storage of radioactive
wastes.352
The final disposition of HLW-storage or disposal-has not been decisively determined. Several nations are in various stages of planning or
implementing geological land-based disposal for HLW but no facility is
actually operational.353 With the growing consensus that geological landbased disposal is the most viable alternative, expanded international technical "cooperation would appear to be a valuable, uncontroversial, and
easily accomplished means for achieving more efficient deployment of
worldwide scientific and financial resources devoted to this subject and,
by fostering the exchange of information, could well reduce the time
needed to develop effective waste disposal mechanisms., 354 Resulting
benefits would include not only greater public credibility of plans supported by several nations, but also improved national programs which
could 3 "lessen
the risk of radiological pollution beyond national bor55
ders."
The final form of HLW-spent fuel or vitrified wastes from reprocessing-is uncertain in some countries, including the United States.
Chemical reprocessing centers are important to the waste disposal issue
because they are the only present means of extracting reusable nuclear
fuel from HLW. However, plutonium, a component of atomic bombs, is
a by-product of reprocessing. The question is whether international reprocessing facilities under international control and supervision are preferable to independent national reprocessing facilities.356
The Nuclear Non-Proliferation Act of 1978311 seeks to limit the development of chemical reprocessing plants in the United States and overseas. However, the NNPA also relies on the International Atomic Energy
Agency and the Nuclear Non-Proliferation Treaty (Non-Proliferation
Treaty)358 to regulate and police agreements made with nations importing
352. A distinction should be made between disposal and storage.
Briefly, DISPOSAL is isolation that relies only on natural (environmental) and manmade barriers, does not permit easy human access to the waste after its final emplacement, and does not require continued human control and maintenance. STORAGE
is isolation that permits easy access to the waste after its emplacement and requires
human control and maintenance in order to guarantee isolation.
OTA SUMMARY, supra note 31, at 14.
353. Spector, supra note 9, at 647.
354. Id. at 649. For a discussion of mechanisms for expanded international cooperation, see id.

at 649-50.
355. Id. at 649.
356. See Futter, The CaseforMiltinationalReprocessingCenters-Now, 16 COLUM. J. TRANSNAT'L L. 430, 430-31 (1977) [hereinafter cited as Futter].
357. Pub. L. No. 95-242, 92 Stat. 120 (1978) (current version codified in scattered sections of
22 U.S.C. and 42 U.S.C.).
358. July 1, 1968, 21 U.S.T. 483, T.I.A.S. No. 6839, 729 U.N.T.S. 161 (entered into force

Mar. 5, 1970).
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U.S. technology and hardware. While the Non-Proliferation Treaty prohibits diversion of fissionable material to military uses, it imposes no
sanctions for any violation of the provisions. Similarly, the IAEA has no
power to impose sanctions. The IAEA oversees the Non-Proliferation
Treaty but it lacks authority to enforce the Treaty and thus serves as little
more than an early warning system. Therefore, the NNPA is merely a
unilateral action with little international impact.
The United States should amend the NNPA to accommodate the multinational reprocessing center alternative. Uranium is a nonrenewable
resource. As the price of uranium rises, due to scarcity, reprocessing
becomes economical.359 The United States refused to promote reprocessing during the Ford and Carter Administrations while other nations developed or planned to develop reprocessing facilities.3 " By withdrawing
from reprocessing, the United States may have lost its role in shaping
anti-proliferation policy. If each nation seeks or constructs reprocessing
facilities independently, there is a greater danger of unlimited, uncontrolled nuclear proliferation. 6 ' Multinational centers would centralize the
safeguard system and facilitate monitoring. The IAEA could supervise
the centers but powerful political and economic sanctions would be necessary to enforce the Non-Proliferation Treaty. 62 It has also been suggested that IAEA authority should be expanded to provide safeguards
against nuclear-related terrorism, hijacking and vandalism, as well as
Treaty enforcement.363 If spent fuel reprocessing and resupply is arranged
on an international level, HLW management strategies should have several
goals." 6 "These goals include economic efficiency, the reduction of environmental hazards (especially those associated with maritime transportation of high level waste) and the equitable provision of disposal services
to less developed countries."365
In addition, the United States should continue to encourage subseabed
disposal research in cooperation with other nations. It is necessary to
know whether subseabed disposal is a viable alternative from the standpoint of national or international implementation, or whether it should
be prevented. This knowledge is essential in diplomatic efforts encouraging other countries to adopt those disposal methods which are environmentally safest.366 The major legal issue with regard to ocean disposal
359. See Futter, supra note 356, at 435.
360. Spector, supra note 9, at 589-90. France and Britain reprocess spent fuel for other countries.
Id. at 596.
361. Futter, supra note 356, at 435.
362. Efforts, supra note 177, at 288.
363. Futter, supra note 356, at 442-43.
364. Finn, supra note 81, at 689.
365. Id.
366. OceanographyHearings 1977-78. supra note 7, at 204-05 (statement of John Deutch).
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of HLW is subseabed emplacement.367 No U.S. legislation for subseabed
radwaste disposal is necessary but agencies such as the DOE, the EPA,
and the NRC should develop criteria and standards.368 A recommended
policy includes maintaining a ban on subseabed disposal until the research
data scientifically validate a particular disposal option. Internationally,
countries could withhold establishing final positions and interpretations
of the Ocean Dumping Convention regarding subseabed disposal.369 A
multinational regime dealing with seabed emplacement might be preferable, but "the legal basis should be maintained to preserve this disposal
option on a unilateral national basis. , 370 Any efforts to create international
legal impediments involving the subseabed option should be rejected until
there is sufficient scientific evidence for a correct determination.3 7'
It is possible that many countries without major nuclear energy programs will become directly involved through international organizations
in the final disposal of HLW. 372 The attitudes of less-developed countries
(LDCs) will be influenced by at least three factors. The LDCs will be
suspicious of perceived threats to the regime for deep "common heritage
of mankind" seabed mining. Suspicion will be greatest over associated
resources, such as the well-publicized manganese nodules. Many countries also will be approaching the radioactive waste problem within the
context of permitting wider dissemination of nuclear technology. Finally,
LDCs will be greatly influenced by the extent to which they are allowed
to participate in research and development programs.373 Concerns of international equity will inevitably arise since the benefits of nuclear energy
accrue to the more developed nations while the risks of ocean disposal
of radioactive waste could affect countries with and without nuclear energy
programs.374
The international legal framework with regard to controlling LLW
disposal at sea is inadequate. 375 The Ocean Dumping Convention permits
each country to delimit individual disposal practices. Furthermore, not
all nations have ratified the Convention. 376 The IAEA is ambiguous regarding certain practices of ocean radwaste disposal and its recommendations are restricted to dumping in the deep sea.377 Other nations need
367. Lomio, supra note 41, at 285.
368. Sub-Seabed Disposal, supra note 5, at 363.
369. Id. at 364.
370. ANDERSON, supra note 186, at 26.
371. Id. This recommendation includes not only the law of the sea negotiations, but also other
international negotiations.
372. OceanographyHearings 1977-78, supra note 7, at 286 (statement of David Deese).

373. Id.
374. Finn, supra note 81, at 687-88.
375. Lomio, supra note 41, at 284.

376. Id.
377. Id.
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to clarify jurisdiction in radioactive waste disposal and assess the international environmental impacts of their nuclear waste disposal methods.3 78
At a minimum, countries should promulgate legislation and regulations
on ocean dumping which comply with the provisions of the Ocean Dumping Convention.
Opponents of ocean disposal of radioactive wastes contend that ocean
radwaste dumping by the United States or by other countries cannot be
justified until the following areas have been explored in greater depth:
a. Effects of low doses of radiation on health.
b. Year-round current data at the proposed dumpsites.
c. Relationships between currents at the sites and larger ocean circulation patterns.
d. The susceptibility of the waste containment to corrosion, taking
into account the influence of seasonal variations in currents.
e. Development of models which more closely depict the release
and dispersal of radioactivity in the physical environment.
f. Abyssal fauna composition, ecology, and physiology.
g. Bioaccumulation and tissue distribution of radioisotopes in abyssal species, particularly under environmental conditions.
h. Quantifications of all sources of radioactivity
to marine orga379
nisms, i.e., sediments, water, food.
Thus, the United States should continue the policy of prohibiting ocean
disposal of radioactive wastes and should encourage nations to reconsider
their policies if they are engaging in or contemplating effluent discharging
or ocean dumping.

378. Sub-Seabed Disposal, supra note 5, at 363-64.
379. Submarine Disposal Hearing, supra note 48, at 102 (additional material supplied by Clifton
Curtis).

